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Note: This is a duplicative report to the previous ones as no additional research 
has been done.  

1-INTRODUCTION: The antifungal armamentarium for the treatment of systemic fungal 
infections has increased in recent years. Although very helpful to control/eliminate fungal 
infections, the available antifungal drugs do have some limitations such as antifungal drug 
resistance. As an example, azole resistance is an issue in patients with chronic mucocutaneous 
candidiasis caused by C. albicans in the context of HIV-infected individuals with recurrent 
oropharyngeal and esophageal candidiasis. A similar trend in vaginal isolates of C. albicans has 
been seen in women prone to recurrent vaginal candidiasis exposed to long-term fluconazole 
(Bulik et al., 2009),(Shahid and Sobel, 2009). In the latter scenario – fortunately relatively rare to 
date – therapeutic options available for oral management of fluconazole-reduced susceptibility C. 
albicans are few, resulting in the inconvenient use of long-term topical imidazoles. These facts 
have generated greater interest in the development of new antifungal drugs using various synthetic 
and naturally occurring antimicrobial molecules. Natural antimicrobial peptides, such as defensins 
produced by epithelial cells, showed a broad range of antibacterial activity and could play a role in 
preventing microbial infections(Decanis et al., 2009),(Zaslof, 2002). These antimicrobial peptides 
generally exhibit selective toxicity for microorganisms and show fewer propensities to induce 
microbial resistance.  
Scope of the research : For the development of alternative antifungal treatment, we have 
synthesized an α-helical antimicrobial decapeptide, KSL (KKVVFKVKFK), and its analog, KSL-
W (KKVVFWVKFK)(Na et al., 2007), which possess a broad range of antibacterial activity. It 
killed selected strains of non-oral and oral pathogens, including mutans streptococci. In 
combination with a surface-active agent, benzalkonium chloride, the peptide significantly reduces 
in vitro biofilm growth(Dixon et al., 2008; Dixon et al., 2009; Leung et al., 2005; Leung et al., 
2009).  
2-KEYWORDS: Fungal treatment, C. albicans, Antifungal molecules, fungi resistance, 
antimicrobial peptides, cationic peptides, chemical peptides, KSL-W.  
3-ACCOMPLISHMENTS: There was no change as to the original proposal.  
The primary goals of this study were: 

1. To investigate the effect of antimicrobial peptide KSL-W on C. albicans growth and
biofilm formation under the activation of virulence genes.

2. To investigate the effect of KSL-W on human gingival cell growth and migration/wound
healing.

Accomplished work  
Major activities: We conducted a complete study evaluation the effect of KSL-W on C. albicans growth 
and pathogenesis. We also conducted a significant study investigating the effect of KSL-W on in vitro 
wound healing.  
Effect of KSL-W on C. albicans:  
1) We specifically studied the C. albicans growth, transition and virulence gene (EFG1, NRG1,

EAP1, HWP1, and SAP 2-4-5-6) expression following yeast contact with KSL-W.
2) Results: We demonstrated that KSL-W markedly reduced C. albicans growth at both early and

late incubation times. The significant effect of KSL-W on C. albicans growth was observed
beginning at ten μg/ml after five h of contact by reducing C. albicans transition and at 25 μg/ml



4 

by completely inhibiting C. albicans transition. Cultured C. albicansunder biofilm-inducing 
conditions revealed that both KSL-W and amphotericin B significantly decreased biofilm 
formation at 2, 4, and six days of culture. KSL-W also disrupted mature C. albicans biofilms. 
The effect of KSL-W on C. albicans growth, transition, and biofilm formation/disruption may 
thus occur through gene modulation, as the expression of various genes involved in C. 
albicans growth, transition and biofilm formation were all down-regulated when C. 
albicans was treated with KSL-W. The effect was greater when C. albicans was cultured under 
hyphae-inducing conditions. These data provide new insight into the efficacy of KSL-W 
against C. albicans and its potential use as an antifungal therapy. 

Effect KSL-W on wound healing: 

1) We specifically investigated the effect of KSL-W on human gingival fibroblasts
growth/proliferation, the secretion of metalloproteinas, and their inhibitors, fibroblast
migration following wound/scratch, and the KSL-W interaction with fibroblasts to prevent
infection by S. mutans.

2) Results: We were able to demonstrate that KSL-W increased the proliferation of gingival
fibroblasts through the S and G2/M cell cycle phases. The peptide regulated the secretion of
metalloproteinase (MMP)-1 and -2 and their inhibitors TIMP-1 and TIMP-2. Using an in
vitro wound healing assay, we demonstrated that KSL-W increased the migration of
fibroblasts following scratch. Interestingly, the addition of KSL-W peptide to S. mutans
infected fibroblast culture prevents adverse effect of the bacteria through fibroblast growth
and the secretion of IL-8.

 All needed information’s related to the different protocols we used, and the figures about to the 
results are included in the published or submitted manuscripts (see appendix 1). As a conclusion, 
we clearly demonstrated the efficacy of KSL-W on influencing C. albicans growth, phase 
transition and expression of virulence genes. This suggested the usefulness of KSL-W against C. 
albicans pathogenesis. We also demonstrated that KSL-W do not have an adverse effect on human 
gingival fibroblasts. Furthermore, KSL-W was contributing to increasing wound healing process 
in vitro. However, the use of KSL-W for clinical applications should first be supported by in vitro 
studies using human cells to confirm the non-toxicity of the peptide.  

Training: 
1. A student was involved in the project under his Master degree achievement. He was

involved in the experimental protocols with C. albicans, data collections, and manuscript
preparation.

2. The student contributed in presenting the work on antimicrobial peptide KSL-W on the
research day of the Faculty of Dentistry, and at the Medical faculty of Laval University.

3. One Postdoc was involved in the objective 2 related to investigating the effect of KSL-W
on wound healing. This Postdoc was also involved in writing and submitting the
manuscript for publication in a pair review scientific journal.

4. The Postdoc contributed presenting the data related to the efficacy of KSL-W on wound
healing at the 10th research day of the Faculty of Dentistry of Laval University.

Results dissemination:   
The results were disseminated through publications and presentations. 
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4-IMPACT: The major accomplishment is the understanding the mechanism(s) by which 

antimicrobial peptide KSL-W in reducing C. albicans pathogenesis in vitro. The other 
important achievement is the demonstration for the first time that KSL-W can promote wound 
healing. This demonstrated by increasing primary human gingival fibroblast growth, 
migration and the secretion of IL-8 mediators. It is important to conceive further studies to 
support such innovative results related to the implication of KSL-W in wound healing. 
This can include gingival human epithelial cells as monolayers, but also a three 
dimensional engineered human oral mucosa to mimic the real wound healing process in 
human.   

 
The impact on the development of the principal discipline(s) of the project  
We clearly demonstrated that KSL-W was effective in reducing C. albicans growth, transition 
through the down-regulation of certain important genes involved in biofilm formation. This 
consolidates the previous studies on inhibition of bacterial growth and suggests the potential use of 
KSL-W against microbial infections in human. We also demonstrated for the first time the 
implication of KSL-W in promoting wound healing. 
 
  
The impact on other disciplines  
Nothing to Report. 
 
The impact on technology transfer  
Nothing to Report. 
 
The impact on society beyond science and technology  
Our studies demonstrated the potential use of KSL-W to: 

1. Control bacterial and fungal infections in human and probably in animals. 
2. To promote wound healing in human, as the peptide increases in vitro wound healing 

parameters of human gingival fibroblasts. 
3. Eventually the data generated through these studies may suggest the use of KSL-W to 

control infection and minimize the emergence of microbial resistance. Such improvement 
may be of great economic improvement in reducing infection and promoting person health. 
This will allow more active work, thus economic improvement. It may also be very 
important for the design of new antimicrobial molecules, thus giving good treatment 
alternative, and creating more jobs. 

 
5-CHANGES/PROBLEMS:  
Nothing to report. 
 
Changes in approach and reasons for change 
Nothing to report. 
 
Changes that had a significant impact on expenditures  
Nothing to report. 
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Significant changes in use or care of human subjects, vertebrate animals, biohazards, and/or 
select agents  
Nothing to Report. 

Significant changes in use or care of human subjects 
Nothing to Report. 

Significant changes in use or care of vertebrate animals. 
Nothing to Report. 

Significant changes in use of biohazards and/or select agents. 
Nothing to Report. 

6-PRODUCTS:  
Nothing to Report. 

Publications, conference papers, and presentations 

Journal publications. 

Theberge S, Semlali A, Alamri A, Leung KP, Rouabhia M. C. albicans growth, transition, biofilm 
formation, and gene expression modulation by antimicrobial decapeptide KSL-W. BMC 
Microbiol. 2013 Nov 7;13:246. doi: 10.1186/1471-2180-13-246. 

Status of publication: Published 
Acknowledgement of federal support: Yes 

Hyun-Jin Park, Mabrouka Salem, Abdelhabib Semlali, Kai P Leung, Mahmoud Rouabhia.

Antimicrobial peptide KSL-W promotes gingival fibroblast growth, migration, and defense 
against Streptococcus mutans infection. J Appli Micro. (under review), 2016. 

Status of publication: Under review 
Acknowledgement of federal support: Yes 

Abstracts: 
1. Theberge Simon, Jacques Éric and Leung Kai P and Rouabhia Mahmoud. Un nouveau peptide

antimicrobien contrôle la virulence de Candida en réduisant sa viabilité via un processus 
d’apoptose et de nécrose. Journée de la recherche GREB/FMD, le 10 mai, 2013 

Status of publication:  Published in the event proceeding 
Presentation:  Oral 
Acknowledgement of federal support: Yes 
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2. Théberge Simon, Jacques Éric, Leung Kai P and Rouabhia Mahmoud. Un nouveau peptide
antimicrobien contrôle la virulence de Candida en réduisant sa viabilité via un processus
d’apoptose et de nécrose. Journée de la recherche faculté de médecine – 30 mai 2013,
Université Laval. Québec.

Status of publication:  Published in the event proceeding 
Presentation:  Oral 
Acknowledgement of federal support: Yes 

3. Théberge Simon, Semlali Abdelhabib, Alamri Abdullah, Leung P. Kai, and Rouabhia Mahmoud. Le
KSL-W réduit la croissance de Candida albicans et la formation de biofilm en diminuant l’expression
de plusieurs gènes de virulence. 81e Congrès de l'Acfas, du 6 au 10 mai  2013, Université Laval,
Québec, Canada.

Status of publication:   Published in the event proceeding 
Presentation:  Oral 
Acknowledgement of federal support: Yes 

4. Hyun-Jin Park, Mabrouka Salem, Abdelhabib Semlali, Kai P Leung, Mahmoud Rouabhia.
Investigating the effect of an antimicrobial peptide (KSL-W) on gingival fibroblast growth,
migration, and defense against microbial infection. 10th research day, Dental faculty, Laval
University, may 5th, 2016.
Status of publication: Published in the event proceeding 
Presentation: Oral 
Acknowledgement of federal support: Yes 

Other publications, conference papers, and presentations. 
None 

Website(s) or other Internet site(s) 
None 

Technologies or techniques 
None 

Inventions, patent applications, and/or licenses 
None 

Other Products 
None 
7-PARTICIPANTS & OTHER COLLABORATING ORGANIZATIONS 

What individuals have worked on the project? 

See below Tables. 
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Name: Simon Theberge 

Project Role: Graduate Student 

Researcher Identifier 
(e.g. ORCID ID): 

University Laval Student 

Nearest person month 
worked: 

20 h a week 

Contribution to 
Project: 

M. Theberge has performed a large part of the experimental 
protocol related to the evaluation of the effect of KSL-W on 
C. albicans. 

Funding Support: 

Name: M. Abdelhabib Semlali 

Project Role: 
Post-Doc, then collaborator, visiting 
professor 

Researcher Identifier (e.g. ORCID 
ID): 

Nearest person month worked: Five h a week 

Contribution to Project: M. Semlali has supervised the grad student. 

Funding Support: Laval University Foundation 

Name: Abdullah Alamri 

Project Role: Graduate Student 

Researcher Identifier 
(e.g. ORCID ID): University Laval student 

Nearest person month 
worked: 5 

Contribution to 
Project: 

M. Alamri contributed, with the grad student M. Teberge to 
perform the genes expression protocols and data collection 
and analyses.  

Funding Support: 

Name: Mabrouka Salem 
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Project Role: Technical support 

Researcher Identifier (e.g. 
ORCID ID): University Laval student 

Nearest person month 
worked: 5 

Contribution to Project: She was involved in the cell preparation to perform the 
wound healing experiments.  

Funding Support: 

Name: Hyun Jin Park 

Project Role: Postdoc student 

Researcher Identifier (e.g. 
ORCID ID): University Laval student 

Nearest person month 
worked: 15 

Contribution to Project: She was involved in performing most of the study 
related to the wound healing with KSL-W  

Funding Support: 

Name: Leung KP 

Project Role: Collaborator 

Researcher Identifier (e.g. 
ORCID ID): 
Nearest person month worked: 5 

Contribution to Project: K. Leung has contributed the study design and 
manuscript revision. 

Funding Support: 

Has there been a change in the active other support of the PD/PI(s) or senior/key personnel 
since the last reporting period?  
Nothing to Report. 

The Organizations involved as partners 
The University Laval as an involved organization.  
At the dental Faculty of Laval University, I was able to use different equipment to perform the 
study and get publishable results. Without such in-kind supports, the study would be very 
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difficult/impossible to realize. The equipment’s at the research center of the Dental Faculty at 
Laval University were obtained thanks to the financial supports of University Laval and different 
funds that Dr Rouabhia obtained previously from different funding agencies. These include the 
CIHR, NSERC, FRSQ, the Fonds Émile-Beaulieu at the dental Faculty of Laval University, and 
so. 
 

8-SPECIAL REPORTING REQUIREMENTS  
Nothing to Report. 
 
9-APPENDICES:  
Appendix A: Published and submitted manuscripts 
Appendix B: Presented abstracts (1, 2, 3 and 4). 
 



Theberge et al. BMC Microbiology 2013, 13:246
http://www.biomedcentral.com/1471-2180/13/246
RESEARCH ARTICLE Open Access
C. albicans growth, transition, biofilm formation,
and gene expression modulation by antimicrobial
decapeptide KSL-W
Simon Theberge1, Abdelhabib Semlali1,2, Abdullah Alamri1, Kai P Leung3 and Mahmoud Rouabhia1*
Abstract

Background: Antimicrobial peptides have been the focus of much research over the last decade because of their
effectiveness and broad-spectrum activity against microbial pathogens. These peptides also participate in inflammation
and the innate host defense system by modulating the immune function that promotes immune cell adhesion and
migration as well as the respiratory burst, which makes them even more attractive as therapeutic agents. This has led
to the synthesis of various antimicrobial peptides, including KSL-W (KKVVFWVKFK-NH2), for potential clinical use. Because
this peptide displays antimicrobial activity against bacteria, we sought to determine its antifungal effect on C. albicans.
Growth, hyphal form, biofilm formation, and degradation were thus examined along with EFG1, NRG1, EAP1, HWP1,
and SAP 2-4-5-6 gene expression by quantitative RT-PCR.

Results: This study demonstrates that KSL-W markedly reduced C. albicans growth at both early and late incubation
times. The significant effect of KSL-W on C. albicans growth was observed beginning at 10 μg/ml after 5 h of contact by
reducing C. albicans transition and at 25 μg/ml by completely inhibiting C. albicans transition. Cultured C. albicans under
biofilm-inducing conditions revealed that both KSL-W and amphotericin B significantly decreased biofilm formation at 2,
4, and 6 days of culture. KSL-W also disrupted mature C. albicans biofilms. The effect of KSL-W on C. albicans growth,
transition, and biofilm formation/disruption may thus occur through gene modulation, as the expression of various
genes involved in C. albicans growth, transition and biofilm formation were all downregulated when C. albicans was
treated with KSL-W. The effect was greater when C. albicans was cultured under hyphae-inducing conditions.

Conclusions: These data provide new insight into the efficacy of KSL-W against C. albicans and its potential use as an
antifungal therapy.

Keywords: Antimicrobial peptide, KSL-W, C. albicans, Growth, Hyphae, Gene, EFG1, NRG1, HWP1, SAPs
Background
The innate defense system plays a key role in protecting
the host against microorganism-fueled infections such as
candidiasis caused by Candida albicans. C. albicans col-
onizes several body sites, including the oral cavity; how-
ever, as a commensal organism, it causes no apparent
damage or inflammation in the surrounding tissue [1,2].
C. albicans is a polymorphic organism that adheres to
different surfaces in the body and can grow as yeast,
pseudohyphae, and hyphae [3], usually in the form of
biofilm. C. albicans transition, biofilm formation, and
* Correspondence: mahmoud.rouabhia@fmd.ulaval.ca
1Oral Ecology Research Group, Faculty of Dentistry, Laval University, 2420,
rue de la Terrasse, Quebec G1V 0A6, QC, Canada
Full list of author information is available at the end of the article

© 2013 Theberge et al.; licensee BioMed Cent
Commons Attribution License (http://creativec
reproduction in any medium, provided the or
pathogenesis are under the control of various genes. The
HWP1 gene encodes the hyphal cell wall protein, which
is a hyphal-specific adhesin that is essential to biofilm
formation [4]. The involvement of HWP1 in C. albicans
adhesion is supported by the EAP1 gene which encodes
a glucan-crosslinked cell wall protein (adhesin Eap1p).
Together, these components mediate C. albicans adhe-
sion to various surfaces, such as epithelial cells and poly-
styrene [5]. Like many other genes, HWP1 and EAP1 are
downstream effectors of EFG1 and NRG1 as transcrip-
tion factors [6,7]. EFG1 mutant strain has been shown to
exhibit defects in growth, biofilm formation, and viru-
lence [8], while NRG1 represses filamentous growth [3].
This occurs through the DNA binding protein Nrg1p in
conjunction with the global transcriptional repressor
ral Ltd. This is an open access article distributed under the terms of the Creative
ommons.org/licenses/by/2.0), which permits unrestricted use, distribution, and
iginal work is properly cited.
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Tup1p to suppress hyphal formation. Elevated NRG1
expression represses the expression of a number of
hypha-specific genes, although NRG1 downregulation is
associated with C. albicans filaments [3].
C. albicans virulence is also mediated by proteolytic

enzymes, including secreted aspartyl proteinases (SAPs)
[9,10]. The contribution of SAPs in C. albicans adher-
ence, tissue damage, and evasion of host immune re-
sponses has been reported [9]. SAP2 is crucial to C.
albicans growth in protein-containing media [11]. SAP1
and SAP3 are expressed during phenotypic switching
[12,13], while SAP4, SAP5, and SAP6 are expressed
upon hyphal formation [14], and SAPs 1-6 and 9-10 are
involved in the adhesion mechanism to host cells [15].
To control C. albicans pathogenesis, the host innate

immunity uses small molecules such as proteins and
peptides that display a broad antimicrobial spectrum.
The number of identified potentially antimicrobial pep-
tides is significant and continues to increase [16]. Anti-
microbial peptides often possess common attributes,
such as small size, an overall positive charge, and amphi-
pathicity [17,18]; however, they also fall into a number
of distinctively diverse groups, including α-helical pep-
tides, β-sheet peptides, peptides with mixed α-helical
and β-sheet structures, extended peptides, and peptides
enriched in specific amino acids [16].
In humans, epithelial cells and neutrophils are the most

important cells producing antimicrobial peptides [19,20].
These peptides are most often antibacterial, although anti-
fungal activity has also been reported [16,21]. The major
peptide groups known to date are the histatins, cathelici-
dins, defensins, and lactoferricins [22]. The antimicrobial
activity of these peptides has been reported by different
in vitro and in vivo studies [19,20,22]. Their complex role
as well as their contribution to host defenses may be re-
lated to the functional interrelationship between innate
and adaptive immunity [23,24].
The interest in antimicrobial peptides lies in the pos-

sible resistance of microorganisms to conventional anti-
microbial strategies used against microbial pathogens in
both agriculture and medicine [25,26]. Natural anti-
microbial peptides are necessary in the control of micro-
bial infections. For example, the use of AMPs provided
protection against such microbial pathogens as fungal
pathogens, with no reported effect on the host [27,28].
Based on these promising data, a number of synthetic
AMPs have been designed to overcome microbial infec-
tions [29]. In the pursuit of a novel alternative antifungal
treatment, we developed a synthetic α-helical antimicro-
bial decapeptide, KSL (KKVVFKVKFK), and its analogue
KSL-W (KKVVFWVKFK) [30].
The efficacy of KSL on a wide range of microorgan-

isms has been established [31-33], as well as its ability to
disrupt oral biofilm growth [34]. KSL-W, a recently
synthesized KSL analogue, was shown to display im-
proved stability in simulated oral and gastric conditions
with in vitro preserved antimicrobial activity [30]. Fur-
thermore, combined with sub-inhibitory concentrations
of benzalkonium chloride, a known cationic surface-
active agent [35], KSL was shown to significantly pro-
mote bacterial biofilm susceptibility. We also recently
demonstrated that KSL-W had a selective effect on C.
albicans growth, while exhibiting no toxic effect on epi-
thelial cells [36].
As this KSL-W analogue displays a wide range of mi-

crobicidal activities, effectively kills bacteria, controls
biofilm formation, and destroys intact biofilms, we hy-
pothesized that KSL-W may also possess antifungal po-
tential. Our goal was thus to investigate the ability of
KSL-W to inhibit C. albicans growth and transition from
blastospore to hyphal form. The action of KSL-W on
biofilm formation/disruption was also assessed. Finally,
we examined the effect of KSL-W on various C. albicans
genes involved in its growth, transition, and virulence.

Results
Antimicrobial peptide KSL-W reduced C. albicans growth
and transition from blastospore to hyphal form
C. albicans cultures were incubated with KSL-W for 5,
10, and 15 h to determine whether this antimicrobial
peptide had any adverse effect on C. albicans growth. As
shown in Figure 1, KSL-W significantly reduced C. albi-
cans proliferation. After 5 h of contact with KSL-W, the
growth inhibition of C. albicans was between 30 and
80%, depending on the concentration of KSL-W used
(Figure 1A). After 10 h of contact with KSL-W, growth
inhibition was significant, beginning at 25 μg/ml
(Figure 1B). At later culture periods, C. albicans growth
continued to be significantly affected by the presence of
KSL-W (Figure 1C). Indeed, with 25 μg/ml of KSL-W,
C. albicans growth was almost half that in the controls
(non-treated C. albicans cultures), and with 100 μg/ml
of KSL-W, C. albicans growth was reduced by almost
60%. It is interesting to note that KSL-W in as low as
25 μg/ml was effective at both the early and late culture
periods.
As KSL-W contributed to C. albicans growth inhib-

ition, we hypothesized that it would also downregulate
C. albicans transition from yeast form to hyphal pheno-
type. Yeast cultures supplemented with 10% FBS and the
KSL-W peptide were maintained for various incubation
periods. As shown in Figure 2, germ tube formation was
inhibited as early as 4 h following exposure to the pep-
tide, compared to that in the cultures incubated in the
absence of KSL-W. Of interest is the elevated number of
C. albicans hyphal forms in the negative control culture
(no KSL-W or amphotericin B) compared to the low
number in the presence of KSL-W. The effect of this



Figure 1 KSL-W inhibited C. albicans growth. The yeast was
cultured in Sabouraud supplemented medium with or without KSL-
W at various concentrations. The cultures were maintained for 5, 10,
and 15 h at 37°C, after which time an MTT assay was performed for
each culture condition. The growth was plotted as means ± SD of
the absorbance at 550 nm. (A) C. albicans growth with KSL-W for
5 h; (B) C. albicans growth with KSL-W for 10 h; and (C) C. albicans
growth with KSL-W for 15 h. The levels of significance for C. albicans
growth in the presence or not of KSL-W or amphotericin B (10 μg/
ml) were considered significant at P < 0 · 05.
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antimicrobial peptide on C. albicans transition was also
dose-dependent: at 1 μg/ml, a significant number of hy-
phal forms remained, and at only 5 μg/ml of KSL-W, C.
albicans transition was completely inhibited (Figure 2).
Semi-quantitative analyses using inverted microscope ob-
servations to estimate the hyphal forms confirmed the
inhibited C. albicans transition when treated with KSL-W
(Table 1). The density of the hyphae was reduced as early
as 4 h of contact with 5 μg/ml of KSL-W. This effect was
further supported when C. albicans was placed in contact
with KSL-W for 8 h (Table 1), thus confirming that KSL-W
downregulated C. albicans growth and transition.
KSL-W reduced C. albicans biofilm formation
As KSL-W contributed to reducing C. albicans growth
and transition, we sought to determine whether it also
displayed inhibitory activity against C. albicans biofilm
formation. Using a biofilm-promoting scaffold, SEM
analyses, and an XTT assay, we were able to demon-
strate the inhibitory effect of KSL-W on biofilm forma-
tion (Figure 3). SEM analyses revealed a significant
density of C. albicans in the untreated culture, compared
to a lower density in the scaffold in the presence of KSL-W
(1 and 25 μg/ml) after 4 days of culture. The de-
creases obtained with the KSL-W, particularly at 25 μg/ml
(Figure 3), were comparable to that obtained with
amphotericin B at 10 μg/ml. To confirm these observa-
tions, we performed quantitative analyses using the XTT
assay. Figure 4A shows that after 2 days of culture, KSL-W
was able to inhibit biofilm formation. This inhibitory
effect was observed beginning at 25 μg/ml of KSL-W. At
concentrations of 50, 75, and 100 μg/ml of KSL-W, the
inhibition of C. albicans biofilm formation was compar-
able to that caused by amphotericin B at 10 μg/ml. Similar
results were obtained after 4 days (Figure 4B) and 6 days
(Figure 4C) of culture for biofilm formation with a persist-
ent inhibitory effect of KSL-W on C. albicans biofilm
formation.

KSL-W disrupted mature C. albicans biofilms
After 6 days of incubation in glucose-rich Sabouraud
medium, scaffolds seeded with C. albicans strain SC5314
produced mature biofilms displaying highly dense popu-
lations of Candida cells (Figure 5). Significant reductions
and disruptions of the pre-formed Candida biofilms
were observed when the reference antifungal agent
(amphotericin B, 10 μg/ml) was added to the mature
biofilms upon further incubation up to 6 days. Similarly,
antimicrobial peptide KSL-W at 75 and 100 μg/ml also
reduced C. albicans density in the biofilms. The ob-
served reduction was noticed with KSL-W concentra-
tions ranging from 25 to 100 μg/ml. Indeed, when
quantitatively investigated by XTT reduction assay, the
KSL-W-treated biofilms rendered a significantly lower
number of cells, as reflected by the lower absorbance
readings, than did the untreated control. This effect was
observed after 2, 4, and 6 days of treatment with ampho-
tericin B. Furthermore, the effect of KSL-W on the ma-
ture C. albicans biofilm was comparable to that obtained
with amphotericin B (Figure 6).

KSL-W modulated the expression of various C. albicans
genes
Based on the data showing that KSL-W reduced
C. albicans proliferation, transition, and biofilm forma-
tion, we sought to determine the involvement, if any, of
gene regulation. For this purpose, we first investigated the



Figure 2 KSL-W inhibited C. albicans yeast-to-hyphae transition. C. albicans was cultured in Sabouraud medium containing 10% fetal bovine
serum with or without KSL-W at various concentrations and was maintained for 4 and 8 h at 37°C. After each time point, the cultures were observed
under an inverted microscope and photographed. Representative photos of the morphological changes after 4 h of culture are presented.

Table 1 Estimation of hyphae forms in the C. albicans
culture

Active molecules Concentration
(μg/mL)

Transition
at 4 h

Transition
at 8 h

Negative control 0 ++ ++

KSL-W 1 ++ ++

5 - -

10 - -

15 - -

25 - -

100 - -

Amphotericin B 1 - -

This Table depicts the presence of hyphae following 4 and 8 h treatments
of C. albicans with and without KSL-W or amphotericin B. (–) refers to the
absence hyphae form, and (++) refers to the presence high number of hyphae
forms. These data were estimated after evaluation over 20 fields from each
culture condition, by two independent and blinded examiners.
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effect of KSL-W on the activation/repression of various
C. albicans genes when cultured under normal non-
hyphae-inducing conditions. The data in Table 2 indicate
that the HWP1 gene was significantly downregulated fol-
lowing exposure of the C. albicans to KSL-W for 6 h. This
downregulation was comparable to that observed in the
amphotericin B treatment. Similarly, SAPs 2, 4, 5, and 6
were significantly downregulated by KSL-W treatment
after 6 h (Table 2). This effect was observed with both low
and high concentrations of KSL-W. Furthermore, the
EAP1 gene, which encodes a glycosylphosphatidylinositol-
anchored, glucan-crosslinked cell wall protein in both ad-
hesion and biofilm formation in vitro and in vivo, was also
affected by the KSL-W treatment. Moreover, the expres-
sion of this gene was downregulated by KSL-W, yet was
upregulated (up to 5-fold) by amphotericin B.
Two other genes involved in regulating C. albicans

morphogenesis, namely, EFG1 and NRG1, are known to



Figure 3 Scanning electron microscope analyses of the biofilm formation. C. albicans was cultured in Sabouraud medium with or without
KSL-W at various concentrations for 4 days in a porous 3D collagen scaffold. Cultures in the presence of amphotericin B (10 μg/ml) were used as
the positive controls. Following incubation, the samples were prepared as described in the Methods section and were observed under a scanning
electron microscope. Negative control refers to the non-seeded scaffolds.
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be hyphae repressors. In our study, amphotericin B in-
creased both EFG1 and NRG1 mRNA expression, with
twice as much expression for NRG1 than for EFG1
(Table 3), while KSL-W induced a less significant in-
crease of EFG1 and NRG1 mRNA expression. Of interest
is that a low KSL-W concentration (25 μg/ml) induced
greater gene expression (Table 3).
In a second set of experiments, C. albicans was cul-

tured under hyphae-inducing conditions (fetal calf
serum-enriched medium with incubation at 37°C) in the
presence or not of KSL-W, after which time gene ex-
pression/repression was investigated. The data in Table 4
reveal that similar to the results obtained with
amphotericin-B, the HWP1 gene was significantly (p <
0.0001) downregulated when C. albicans was exposed to
KSL-W for 3 h, confirming the results obtained under
non-hyphae growth conditions.
SAP genes were also modulated by KSL-W treatment.

Table 4 shows that after 3 h of exposure, SAPs 2, 4, 5,
and 6 were significantly (p < 0.05) downregulated by the
KSL-W treatment. In contrast, with amphotericin-B, a sig-
nificant (p < 0.05) increase of SAPs 2, 4, and 6 and a de-
crease of SAP5 was observed. It is interesting to note the
opposite modulatory effects of KSL-W and amphotericin-
B on SAP gene expression. After 6 h of treatment with
KSL-W, a significant decrease of each tested SAP gene
was observed in the exposed C. albicans, whereas after
treatment with amphotericin-B, these same SAP genes in-
creased, thus confirming the antagonistic behavior of
KSL-W and amphotericin-B on SAP gene expression.



Figure 4 Quantitative measurement of the reduced biofilm
formation with KSL-W. C. albicans was cultured on a 3D porous
scaffold in the presence of KSL-W for 2, 4, and 6 days. After each cul-
ture period, the samples were supplemented with XTT solution and
incubated for 5 h at 37°C. The absorbance at 450 nm was measured
to quantify XTT metabolic product intensity proportional to the
number of viable cells. (A) 2 days; (B) 4 days; (C) 6 days. Results are
means ± SD for three different separate experiments.
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C. albicans EAP1 gene expression was unchanged after
3 h with KSL-W, but significantly (p < 0.001) decreased
after 6 h, while the expression of this gene was upregulated
(close to six folds) by amphotericin B (Tables 4 and 5).
Amphotericin B increased NRG1 mRNA expression almost
threefold, with no significant effect on the EFG1 gene, yet
significantly decreased HWP1 gene expression. On the
other hand, after 3 h (Table 4) and 6 h (Table 5) of incuba-
tion, KSL-W downregulated EFG1, NRG1, and HWP1
mRNA expression. Of interest is that except for similar
downregulatory effects on HWP1 gene expression, KSL-W
and amphotericin-B produced once again opposite results
regarding EFG1and NRG1 gene expression.

Discussion and conclusions
We demonstrated that KSL-W was effective in inhibiting
C. albicans growth at short and long culture periods. Al-
though growth inhibition obtained with KSL-W was less
than that obtained with amphotericin B, the effects of
KSL-W nevertheless remain significant (p < 0.01). The
growth inhibition effects of KSL-W are in accordance with
previously reported findings [37] showing a downregula-
tion of C. albicans activity induced by a bacteriocin-like
peptide isolated from Lactobacillus pentosus. Furthermore,
our results support other findings [38] reporting the ef-
fectiveness of KSL-W in disrupting P. gingivalis-induced
hemagglutination and its synergistic interaction with host
AMPs engaged in innate defense. The results strongly sug-
gest that KSL-W is also effective against fungal growth
and may be suitable for use to control C. albicans infec-
tions. Further studies on the possible synergistic effect of
amphotericin B and KSL-W against C. albicans growth
may provide insight.
C. albicans pathogenesis can also take place through

the transition from blastospore to hyphal form [39,40].
Our results indeed show that KSL-W completely inhib-
ited C. albicans transition with a concentration as low as
5 μg/ml. These data are consistent with those of other
studies with naturally occurring antimicrobial peptides
(e.g., β-defensins) which were effective in blocking the
morphological shift of Candida from yeast to hyphae
[41,42]. Thus KSL-W may possibly contribute to the
control of C. albicans infection by reducing cell growth
and yeast-hyphae transition. The effect of KSL-W on C.
albicans growth can occur either through cytolysis or
cell membrane disruption, resulting in cell death similar
to what has been demonstrated with histatin-5 [43,44].
Indeed, it was shown that histatin-5 induces the selective
leakage of intracellular ions and ATP from yeast cells.
This is caused by the translocation of histatin-5 into the
intracellular compartment and accumulates to a critical
concentration [45]. Further studies are thus warranted
to shed light on the fungicidal mechanism of KSL-W.
C. albicans growth and transition from blastospore to

hyphal form are particularly important for biofilm for-
mation and C. albicans virulence because a strain that is
genetically manipulated to grow exclusively in the yeast
form is greatly hindered in generating biofilms. In
addition, a variety of C. albicans mutants known to be



Figure 5 Biofilm ultrastructure following KSL-W treatment. C. albicans was cultured in Sabouraud medium without KSL-W for 6 days to
promote biofilm formation and maturation. The resulting biofilms were then treated or not with KSL-W or amphotericin B for 6 days, with
medium and peptide refreshing every 2 days. Following incubation, the samples were prepared as described in the Methods section and
observed under a scanning electron microscope.
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unable to form hyphae also show biofilm defects [46,47].
As KSL-W significantly reduced C. albicans growth and
inhibited its transition from yeast to hyphae, this sug-
gests that KSL-W may inhibit C. albicans biofilm forma-
tion. Our findings indicate that KSL-W was indeed able
to reduce biofilm formation and that its effect was com-
parable to that obtained with amphotericin B, a well-
known antifungal molecule. Also of interest is that a
significant inhibition of C. albicans biofilm formation
was obtained at a concentration of as low as 25 μg/ml of
KSL-W antimicrobial peptide. These useful data are
comparable to those of other studies showing the posi-
tive action of synthetic peptide in controlling and pre-
venting microbial biofilm formation [48]. Thus, with its
significant impact in reducing C. albicans biofilm forma-
tion, KSL-W may show potential for several novel appli-
cations in the clinical setting. Further investigations will
elucidate this effect.
Biofilm formation can be controlled with anti-biofilm

molecules prior to its development, although this is not
actually the case in clinical applications, as antifungal
and microbial molecules cannot be used on a daily basis
to prevent biofilm formation. An effective molecule
should ideally be able to prevent biofilm formation, but
more importantly to disrupt biofilms that are already
formed. We therefore questioned whether KSL-W was
capable of disrupting mature C. albicans biofilm.
We proceeded to examine the impact of KSL-W on
mature biofilm formation and demonstrated a significant
disruption of these biofilms following contact with
KSL-W, thus suggesting the possible use of this antimicro-
bial peptide to reduce/eliminate mature biofilms. Further
studies should confirm such observations and demon-
strate how KSL-W reduces or disrupts C. albicans
biofilms.
Once it reaches the cell, KSL-W can potentially act on

the cytoplasmic membrane as well as on intracellular
targets [49-51]. The action of KSL-W against C. albicans
may operate through the modulated expression of cer-
tain C. albicans genes that control growth [52], transi-
tion [53], and biofilm formation [54]. We therefore
examined the effect of KSL-W on a number of genes ei-
ther directly or indirectly involved in phase transition
and biofilm formation. EFG1 and NRG1 expression was
assessed under hyphae/non-hyphae-inducing conditions.
Our results show that KSL-W increased NRG1 mRNA
expression twofold under non-hyphae-inducing condi-
tions; however, under hyphae-inducing conditions, KSL-
W significantly reduced NRG1 gene expression. These
findings contrast with other reports that an increased
NRG1 expression contributes to repressing various
hypha-specific genes [55,56]. This confirms that the ef-
fect of KSL-W in controlling C. albicans virulence does
not take place through NRG1. KSL-W was also able to



Figure 6 Decrease of biofilm mass following KSL-W treatment.
C. albicans was cultured in a 3D porous scaffold in Sabouraud
medium for 6 days to promote biofilm formation and maturation.
The resulting biofilms were exposed or not to KSL-W or amphotericin B
for 2, 4, and 6 days. Medium and peptide were refreshed every 2 days.
Following each treatment period, the samples were supplemented
with XTT solution and subsequently incubated for 5 h at 37°C.
Absorbance at 450 nm was measured to quantify XTT metabolic
product intensity proportional to the number of viable cells. (A) 2 days;
(B) 4 days; (C) 6 days. Results are means ± SD for three
separate experiments.

Table 2 Gene expression (6 h) under non-hyphae inducing cu

Gene Untreated C. albicans Amphotericin B

Fold change1 Fold change1 p-value2

SAP2 0.99 0.57 0.001

SAP4 0.96 0.19 <0.001

SAP5 1.00 0.08 <0.001

SAP6 1.00 0.05 <0.001

EAP1 1.00 4.91 0.028

HWP1 1.00 0.01 <0.001
1Fold change was calculated by PCR product of the gene of interest/the PCR produ
of untreated C. albicans where the expression was considered equal to 1.
2P-values were obtained after comparison of test to negative control (untreated C.
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decrease EFG1 mRNA expression, when C. albicans was
maintained under hyphae-inducing conditions.
EFG1p has been found to be a central regulator of C. albi-

cans, as it is required for the development of a true hyphal
growth form, and EFG1 is considered to be essential in the
interactions between C. albicans and human host cells [7,8].
The downregulation of this gene by KSL-W points to the
singular role of this antifungal peptide. Thus the effect of
KSL-W on C. albicans transition can be manifested through
a repression of certain genes, such as EFG1 and NRG1.
KSL-W has a significant inhibitory effect on EAP1 mRNA

expression. As a member of the GPI-CWP family [5,57], de-
leting EAP1 can reduce the adhesion of C. albicans to differ-
ent surfaces. This suggests that treatment with KSL-W may
reduce EAP1 expression, which in turn may contribute to
reducing C. albicans adhesion and ultimately, biofilm forma-
tion and pathogenesis. KSL-W was also shown to reduce
HWP1 mRNA expression, particularly when C. albicans
was cultured under hyphae-inducing conditions.
HWP1 is a downstream component of the cAMP-

dependent PKA pathway and is positively regulated by
EFG1 [58]. The transcript level of HWP1 decreased with
the KSL-W treatment at low and high concentrations.
These data suggest that KSL-W indeed impacts the ac-
tivity of the cAMP–EFG1 pathway and leads to an alter-
ation of C. albicans growth and morphogenesis. Further
studies are therefore required to investigate the inva-
sion/virulence of KSL-W-treated C. albicans.
It is well known that Candida pathogenesis can be

established by virtue of Candida growth and yeast-to-
hyphae morphogenesis. Specific SAP genes were found
to be preferentially expressed by Candida hyphal forms
[10,15,59]. Because KSL-W downregulated C. albicans
growth and transition, this may have occurred through a
modulation of the SAP genes. Our findings confirm that
KSL-W is capable of decreasing SAP2, SAP4, SAP5, and
SAP6 mRNA expression in C. albicans which may lead
to reducing C. albicans virulence [60-62].
Our study thus establishes, for the first time, a clear

link between an antimicrobial peptide (KSL-W), hyphae
lture conditions

KSL-W 25 μg/ml KSL-W 100 μg/ml

Fold change1 p-value2 Fold change1 p-value2

0.24 <0.001 0.11 <0.001

0.29 <0.001 0.14 <0.001

0.16 <0.001 0.06 <0.001

0.14 <0.001 0.04 <0.001

0.4 <0.001 0.29 <0.001

0.6 0.032 0.02 <0.001

ct of ACT1 (the house keeping gene), and normalized to the negative control

albicans).



Table 3 Gene expression (3 h) under non-hyphae inducing culture conditions

Gene Untreated C. albicans Amphotericin B KSL-W 25 μg/ml KSL-W 100 μg/ml

Fold change1 Fold change1 p-value2 Fold change1 p-value2 Fold change1 p-value2

EFG1 1.00 5.71 <0.001 2.76 <0.001 1.98 0.073

NRG1 1.00 10.99 <0.001 1.77 <0.001 1.4 0.086
1Fold change was calculated by PCR product of the gene of interest/the PCR product of ACT1 (the house keeping gene), and normalized to the negative control
of untreated C. albicans where the expression was considered equal to 1.
2P-values were obtained after comparison of test to negative control (untreated C. albicans).
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morphogenesis, and hyphae-modulating SAPs 2, 4, 5,
and 6. However, the precise interactions between these
SAPs and KSL-W during C. albicans pathogenesis re-
main unclear. Additional studies should focus on identi-
fying the role of SAP subfamilies involved in Candida
invasion as well as the role of KSL-W in controlling
Candida virulence/pathogenesis in conjunction with
host defenses. In conclusion, this study is the first to
demonstrate that synthetic antimicrobial peptide KSL-W
downregulates C. albicans growth and transition, result-
ing in a decrease in biofilm formation and a disruption
of mature biofilm. Also of interest is that these effects
may occur through the modulation of C. albicans genes
EFG1, NRG1, EAP1, HWP1, and SAPs. Overall results
clearly suggest the potential of KSL-W as an antifungal
molecule.

Methods
C. albicans
C. albicans strain ATCC-SC5314 was cultured for 24 h
on Sabouraud dextrose agar plates (Becton Dickinson,
Oakville, ON, Canada) at 30°C. For the C. albicans suspen-
sions, one colony was used to inoculate 10 ml of Sabouraud
liquid medium supplemented with 0.1% glucose at pH 5.6.
The cultures were grown overnight in a shaking water bath
for 18 h at 30°C. The yeast cells were then collected,
washed with phosphate-buffered saline (PBS), counted with
a haemocytometer, and adjusted to 107/ml prior to use.
Table 4 Gene expression (3 h) under hyphae inducing culture
serum, with culture incubation at 37ºC)

Gene Untreated C. albicans Amphotericin B

Fold change1 Fold change1 p-value2

SAP2 0.99 3.36 0.003

SAP4 0.96 2.41 0.02

SAP5 1.00 0.49 0.0007

SAP6 1.00 2.56 0.01

EAP1 1.00 6.06 < 0.001

EFG1 1.00 1.09 0.6

NRG1 1.00 2.45 0.01

HWP1 1.00 0.0055 < 0.001
1Fold change was calculated by PCR product of the gene of interest/the PCR produ
of untreated C. albicans where the expression was considered equal to 1.
2P-values were obtained after comparison of test to negative control (untreated C.
Antimicrobial peptides
KSL-W (KKVVFWVKFK-NH2) was synthesized by
standard solid-phase procedures [63] with 9-fluorenyl-
methoxycarbonyl (Fmoc) chemistry in an automatic pep-
tide synthesizer (model 90, Advanced ChemTech,
Louisville, KY, USA). The synthetic peptides were then
purified by reverse-phase HPLC (series 1100, Hewlett
Packard) by means of a Vydac C18 column. Peptide pur-
ity was confirmed by MALDI-TOF (matrix-assisted laser
desorption/ionization-time of flight) MS (AnaSpec Fre-
mont, CA, USA). The final product was stored in lyophi-
lized format -20°C until use. KSL-W solution was
prepared, filtered (0.22 um pore size), and used for the
experiments. Amphotericin B (Sigma-Aldrich, St. Louis,
MO, USA) was dissolved in distilled water to obtain a
250 μg/ml concentration which was also filtered, with
the sterile solution stored at -80°C until use.

Effect of KSL-W on C. albicans proliferation
Proliferation was investigated by placing 104 C. albicans
in 200 μL of Sabouraud dextrose broth in a round-
bottom 96-well plate. The C. albicans cultures were sup-
plemented with KSL-W at concentrations of 1, 10, 25,
50, 75, and 100 μg/ml. The negative controls were C.
albicans cultures not supplemented with KSL-W, while
the positive controls were C. albicans cultures supple-
mented with amphotericin B at concentrations of 1, 5,
and 10 μg/ml. The plates were incubated for 5, 10, and
conditions (medium supplemented with 10% fetal calf

KSL-W 25 μg/ml KSL-W 100 μg/ml

Fold change1 p-value2 Fold change1 p-value2

0.78 0.02 0.62 0.003

0.44 0.0002 0.24 < 0.0001

0.83 0.03 0.01 < 0.0001

0.30 < 0.0001 0.11 < 0.0001

1.06 0.4 0.99 0.8

0.55 0.0004 0.66 0.02

0.66 0.0006 0.64 0.0005

0.078 < 0.0001 0.0035 < 0.0001

ct of ACT1 (the house keeping gene), and normalized to the negative control

albicans).



Table 5 Gene expression (6 h) under hyphae inducing culture conditions (medium supplemented with 10% fetal calf
serum, with culture incubation at 37ºC)

Gene Untreated C. albicans Amphotericin B KSL-W 25 μg/ml KSL-W 100 μg/ml

Fold change1 Fold change1 p-value2 Fold change1 p-value2 Fold change1 p-value2

SAP2 0.99 8.17 0.009 0.7 0.2 1.31 0.02

SAP4 0.96 2.58 0.03 0.73 0.04 0.72 0.04

SAP5 1.00 0.72 0.007 0.83 0.0004 0.56 0.006

SAP6 1.00 4.01 0.02 0.58 0.01 0.68 0.04

EAP1 1.00 6.36 0.001 0.44 0.008 0.73 0.003

EFG1 1.00 1.78 0.048 0.31 < 0.0001 0.47 0.01

NRG1 1.00 3.97 0.0005 0.37 0.001 0.37 0.05

HWP1 1.00 0.008 < 0.001 0.09 0.001 0.03 < 0.0001
1Fold change was calculated by PCR product of the gene of interest/the PCR product of ACT1 (the house keeping gene), and normalized to the negative control
of untreated C. albicans where the expression was considered equal to 1.
2P-values were obtained after comparison of test to negative control (untreated C. albicans).
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15 h prior to cell growth analyses. C. albicans growth
was assessed using the (3-(4,5-dimethylthiazol-2-yl)-2,
5-diphenyl tetrazolium bromide) MTT assay (Sigma-
Aldrich) which measures cell growth as a function of
mitochondrial activity [64]. Briefly, an MTT stock so-
lution (5 mg/ml) was prepared in PBS and added to
each culture at a final concentration of 10% (v/v). The
C. albicans cultures were then incubated with the
MTT solution at 30°C for 4 h, after which time the plate
was centrifuged for 10 min at 1200 rpm and the super-
natant was removed. The remaining pellet from each well
was then washed with warm PBS, with 200 μl of 0.04 N
HCl in isopropanol added to each well, followed by another
incubation for 15 min. Absorbance (optical density, OD)
was subsequently measured at 550 nm by means of an
xMark microplate spectrophotometer (Bio-Rad, Mississauga,
ON, Canada). Results are reported as means ± SD of three
separate experiments.

Effect of KSL-W on C. albicans transition from blastospore
to hyphal form
To determine the effect of KSL-W on the yeast-to-
hyphae transition, C. albicans (105 cells) was first grown
in 500 ml of Sabouraud dextrose broth supplemented
with 0.1% glucose and 10% fetal bovine serum (FBS).
KSL-W was then added (or not) to the culture at various
concentrations (1, 5, 10, 15, and 25 μg/ml). The negative
controls were the C. albicans cultures without anti-
microbial peptide, while the positive controls repre-
sented the C. albicans cultures supplemented with
amphotericin B (1, 5, and 10 μg/ml). The hyphae-
inducing conditions were previously reported [65], con-
sisting of culture medium supplementation with 10%
fetal calf serum and subsequent incubation at 37°C.
These conditions were used in our experiments. Follow-
ing incubation for 4 or 8 h, the cultures were observed
microscopically and photographed to record C. albicans
morphology (n = 5) and the density of C. albicans transi-
tion was measured.

Effect of KSL-W on C. albicans gene activation/repression
C. albicans was subcultured overnight in Sabouraud li-
quid medium supplemented with 0.1% glucose, pH 5.6,
in a shaking water bath for 18 h at 30°C. The yeast cells
were then collected, washed with PBS, and counted with
a hemocytometer, after which time they were co-
cultured with or without the antimicrobial peptide under
hyphae- or non-hyphae-inducing conditions, as follows.

Effect of KSL-W on gene activation when C. albicans was
cultured under non-hyphae-inducing conditions
C. albicans was co-cultured with either KSL-W (1, 25,
100 μg/ml) or amphotericin B (1 μg/ml) or with none of
these molecules (controls) in Sabouraud liquid medium
supplemented with 0.1% glucose, pH 5.6. The cultures
were maintained at 30°C for 3 and 6 h.

Effect of KSL-W on gene activation when C. albicans were
cultured under hyphae-inducing conditions
C. albicans was co-cultured with either KSL-W (1, 25,
100 μg/ml) or amphotericin B (1 μg/ml) or with none of
these molecules (controls) in Sabouraud liquid medium
supplemented with 0.1% glucose, pH 5.6. As previously
reported, to promote the transition of C. albicans from
blastospore to hyphal form, the culture medium was
supplemented with 10% fetal calf serum and the incuba-
tion was performed for 3 and 6 h at 37°C. Following
each culture period under both conditions [68], the cul-
tures were centrifuged 10 min at 13,000 rpm, the super-
natants were discarded, and each pellet was suspended
thereafter in 0.6 ml of lysis buffer (Glycerol 1 M, EDTA
0.1 M). Glass beads (0.425-0.6 mm in diameter; 0.2 ml)
were added to each suspended pellet prior to sonication
(4 × 1 min, followed by 2 min of incubation in ice) with
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a MiniBead-beater (Biospec Products, Bartlesville, OK,
USA). Following cell lysis, the total RNA was extracted
from each sample by means of the Illustra RNAspin Mini
kit (GE Health Care UK Limited, Buckingham, UK). Con-
centration, purity, and quality of the isolated RNA were
determined using the Experion system and RNA StdSens
analysis kit according to the instructions provided by the
manufacturer (Bio-Rad, Hercules, CA, USA).

Quantitative real-time RT-PCR
The RNA (500 ng of each sample) was reverse tran-
scribed into cDNA by means of the iScript cDNA Syn-
thesis kit (Bio-Rad, Mississauga, ON, Canada). The
conditions for the preparation of the cDNA templates
for PCR analysis were 5 min at 25°C, 1 h at 42°C, and
5 min at 85°C. Quantitative PCR (qPCR) was carried out
as previously described [36]. The quantity of mRNA
transcripts was measured with the Bio-Rad CFX96 real-
time PCR detection system. Reactions were performed
using a PCR supermix, also from Bio-Rad (iQ SYBR
Green supermix). Primers (Table 6) were added to the
reaction mix to a final concentration of 250 nM. Five
microliters of each cDNA sample were added to a 20 μl
PCR mixture containing 12.5 μl of the iQ SYBR Green
supermix, 0.5 μl of specific primers ACT1, SAP2, SAP4,
SAP5, SAP6, HWP1, and EAP1 (Midland Certified Re-
agent Company, Inc., Midland, TX, USA), as well as
Table 6 Primer sequences used for the qRT-PCR

Gene Primer sequence 5′ to 3′ Amp size (bp)

ACT1 Forward : GCTGGTAGAGACTTGACCAACCA 87

Reverse : GACAATTTCTCTTTCAGCACTAGTAGTGA

SAP2 Forward : TCCTGATGTTAATGTTGATTGTCAAG 82

Reverse : TGGATCATATGTCCCCTTTTGTT

SAP4 Forward : AGATATTGAGCCCACAGAAATTCC 82

Reverse : CAATTTAACTGCAACAGGTCCTCTT

SAP5 Forward : CAGAATTTCCCGTCGATGAGA 78

Reverse : CATTGTGCAAAGTAACTGCAACAG

SAP6 Forward : TTACGCAAAAGGTAACTTGTATCAAGA 102

Reverse : CCTTTATGAGCACTAGTAGACCAAACG

ALS3 Forward : AATGGTCCTTATGAATCACCATCTACTA 51

Reverse : GAGTTTTCATCCATACTTGATTTCACAT

HWP1 Forward : GCTCAACTTATTGCTATCGCTTATTACA 67

Reverse : GACCGTCTACCTGTGGGACAGT

EAP1 Forward : CTGCTCACTCAACTTCAATTGTCG 51

Reverse : GAACACATCCACCTTCGGGA

EFG1 Forward : TATGCCCCAGCAAACAACTG 202

Reverse : TTGTTGTCCTGCTGTCTGTC

NRG1 Forward : CACCTCACTTGCAACCCC 198

Reverse : GCCCTGGAGATGGTCTGA
EFG1 and NRG1 (Invitrogen Life Technologies Inc.,
Burlington, ON, Canada), and 7 μl of RNase/DNase-free
water (MP Biomedicals, Solon, OH, USA). Each reaction
was performed in a Bio-Rad MyCycler Thermal Cycler.
For the qPCR, the CT was automatically determined
using the accompanying Bio-Rad CFX Manager. The
thermocycling conditions for the ACT1, SAPs 2-4-5-6,
and EAP1 were established as 5 min at 95°C, followed
by 30 cycles of 15 s at 95°C, 30 s at 60°C, and 30 s at
72°C, with each reaction performed in triplicate. For the
EFG1 and NRG1, the thermocycling conditions were set
for 3 min at 95°C, followed by 45 cycles of 10 s at 95°C,
40 s at 54°C, and 40 s at 72°C, with each reaction also
performed in triplicate. For the HWP1, the conditions
were 3 min at 95°C, followed by 45 cycles of 10 s at
95°C, 30 s at 54°C, and 40 s at 72°C, with each reaction
performed in triplicate. The specificity of each primer
pair was determined by the presence of a single melting
temperature peak. The ACT1 produced uniform expres-
sion levels varying by less than 0.5 CTs between sample
conditions and thus became the reference gene for this
study. The results were analyzed by means of the 2−ΔΔCt

(Livak) relative expression method.

Effect of KSL-W on C. albicans biofilm formation
C. albicans biofilms were obtained by culturing the yeast
on a porous collagen scaffold which facilitated C. albicans
penetration through the pores and its adhesion to the
scaffold through collagen affinity. This also promoted
biofilm formation and handling with no cell loss, thus
contributing to maintaining the biofilm structure. For
this purpose, 5 mm × 5 mm samples of porous scaffold
(Collatape, Zimmer Dental Inc., Carlsbad, CA, USA)
were placed into a 24-well plate. The scaffolds were
then rinsed twice with culture medium, seeded with C.
albicans (105 cells), and incubated for 30 min at 30°C
without shaking to allow for adherence. Fresh Sabouraud
medium was added to each well in the presence or
absence of various concentrations of KSL-W (1, 10,
25, 50, 75, and 100 μg/ml). Two controls were included in
this study: the negative control was C. albicans seeded
without KSL-W, while the positive control was C. albicans
seeded with amphotericin B (1, 5, and 10 μg/ml). The C.
albicans-seeded scaffolds were then incubated for 2, 4,
and 6 days at 30°C. The medium, KSL-W, and ampho-
tericin B were refreshed every 48 h. Following each
culture period, C. albicans growth and biofilm forma-
tion was assessed by scanning electron microscopy and
XTT-menadione assay.

Scanning electron microscopy (SEM) analysis
Biofilms were fixed in ethylene glycol for 60 min and
rinsed once with sterile PBS. Dehydration was per-
formed in a series of 5-min treatments with ethanol
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solutions of increasing concentration (50, 70, 90, and
twice at 100%). The dehydrated biofilms were kept over-
night in a vacuum oven at 25°C, after which time they
were sputter-coated with gold, examined, and imaged
(n = 4) under a JEOL 6360 LV SEM (Soquelec, Montréal,
QC, Canada) operating at a 30 kV accelerating voltage.

XTT reduction assay
To support the hypothesis that KSL-W quantitatively af-
fects C. albicans biofilms, an XTT reduction assay was
performed on the KSL-W-treated and control biofilms
at defined time points. XTT assay is one of the most
useful and accurate methods to investigate microbial
biofilm formation. The metabolic activity of the biofilm
cells was measured as a reflection of viable cell count.
To do so, C. albicans biofilms formed in the porous
scaffold with or without KSL-W treatments for 2, 4, and
6 days were subjected to an XTT assay. Fifty microliters
of XTT salt solution (1 mg/ml in PBS; Sigma-Aldrich)
and 4 μl of menadione solution (1 mM in acetone;
Sigma-Aldrich) were added to wells containing 4 ml of
sterile PBS. The biofilms were then added to the mixture
and the plates were incubated at 37°C for 5 h, after
which time the supernatant was collected to measure
the XTT formazan at 492 nm by means of an xMark mi-
croplate spectrophotometer (Bio-Rad, Mississauga, ON,
Canada).

Effect of KSL-W on the disruption of mature C. albicans
biofilms
Mature C. albicans biofilms were obtained by culturing
C. albicans (105) on a porous 3D collagen scaffold for
6 days at 30°C in Sabouraud liquid medium supple-
mented with 0.1% glucose at pH 5.6. The culture
medium was refreshed every 2 days. At the end of the 6-
day culture period, the biofilms were treated (or not)
with KSL-W (75 and 100 μg/ml). Amphotericin B-
treated biofilms (1, 5, and 10 μg/ml) were used as the
positive controls. The biofilms were continuously incu-
bated (or not) with either KSL-W or amphotericin B for
2, 4, and 6 days, with medium changing every day.
KSL-W and amphotericin B were also refreshed at each
medium changing. Following each incubation period,
SEM and XTT analyses were performed, as described
above.

Statistical analysis
Each experiment was performed at least four times, with
experimental values expressed as means ± SD. The stat-
istical significance of the differences between the control
(absence of KSL-W) and test (presence of KSL-W or
amphotericin B) values was determined by means of a
one-way ANOVA. Posteriori comparisons were per-
formed using Tukey’s method. Normality and variance
assumptions were verified using the Shapiro-Wilk test
and the Brown and Forsythe test, respectively. All of the
assumptions were fulfilled. P values were declared sig-
nificant at ≤ 0.05. The data were analyzed using the SAS
version 8.2 statistical package (SAS Institute Inc., Cary,
NC, USA).
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Abstract 

Aim: The aim of this study was to investigate the interaction between primary human gingival 

fibroblasts and KSL-W, an antimicrobial peptide, and the effect of this peptide on gingival 

fibroblast defense in vitro against Streptococcus mutans.  

Material and Methods: Primary human gingival fibroblasts were used to study the effect of 

KSL-W peptide on cell adhesion, growth and the secretion of metalloproteinase (MMP). We also 

investigated the effect of KSL-W on fibroblast migration by mean of scratch assay. Finally we 

analyzed the effect of antimicrobial activity of KSL-W on S. mutans infected fibroblast cultures  

Results:  The peptide KSL-W promoted fibroblast growth by increasing the S and G2/M cell 

cycle phases. Peptide KSL-W also regulated the secretion of metalloproteinase (MMP)-1 and -2, 

through MMP inhibitors such as tissue inhibitors of metalloproteinase (TIMP)-1 and TIMP-2. 

Using an in vitro wound healing assay, we demonstrated that peptide KSL-W promoted fibroblast 

migration as compared to non-treated cultures. The addition of KSL-W peptide to S. mutans 

infected fibroblast culture prevents adverse effect of the bacteria through fibroblast growth and 

IL-8 secretion.   

Conclusion: These findings therefore show that peptide KSL-W was safe to use with human 

cells, as it promoted their growth and migration and attenuated S. mutans virulence by decreasing 

its effect on cell viability and IL-8 secretion.  

Significance and Impact: This study points to the possibility of using KSL-W as antimicrobial 

peptide, and as a peptide accelerating the wound healing process.  
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Introduction 

The human body contains millions of microorganisms involved in maintaining health. However, 

some of these microorganisms are capable of eliciting diseases in a different microenvironment 

when moving from their normal location of residence (Turnbaugh et al., 2007; Ling et al., 2010). 

Throughout the body, various microhabitats contribute to the overall microbiome. The oral 

cavity, skin, and gut each contain its own microbiome maintaining commensal and symbiotic 

interactions with the host (Sonnenburgand Fischbach, 2011). In the oral cavity, over 700 species 

of bacteria have been identified; these bacterial species benefit within the oral cavity, residing on 

both the hard and soft tissues to interact and form microbial biofilms (Cavalcanti et al., 2016; Ng 

et al., 2015). The teeth, gingival sulcus, tongue, cheeks, hard and soft palates, and tonsils also 

provide enriching environments where microbial communities can adhere, multiply, form 

biofilms, and potentially induce diseases (Dewhirst et al., 2010). 

 

The main factors responsible for initiating microbial oral disease are poor oral hygiene and 

immune system dysfunctionality (Al-Ahmad et al., 2010). Uncontrolled oral hygiene is known to 

promote microorganism accumulation within biofilm. Failure to remove accumulating biofilm 

leads to bacterial overgrowth (which may become pathogenic), a reduction of microbial 

biodiversity, and ultimately, the development of diseases such as dental caries or periodontal 

disease (Al-Ahmad et al., 2010;  Zaura et al., 2009). A deficient immune system may also be 
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attractive to microbial infection. As the immune system regulates interactions between the 

microbiome and the host, a compromised system usually disturbs mutual or commensal 

relationships (Patil et al., 2015; Nguyen et al., 2015).  

 

Oral diseases, such as dental caries and periodontal disease, are among the most prevalent 

diseases worldwide (Horz et al., 2007; Hajishengalliset al., 2015), affecting nearly all ages and 

geographic populations. Although a specific microbiome contributing to the development of 

dental caries has yet to be established (Ling et al., 2010), the most common bacteria responsible 

for dental caries are S. mutans, S. sobrinus, and Lactobacillus acidophilus (Fernández et al., 

2015, Johansson et al., 2016). 

 

The oral cavity is the primary gateway to the human body; microorganisms inhabiting this area 

are thus highly capable of spreading to different body sites (Dewhirst et al., 2010). Pathogens 

originating in the oral cavity have been detected in blood cultures and are known to destroy the 

oral mucosa to reach the circulation, leading to dissemination (Horz et al., 2007). While such a 

situation is rare with a healthy immune system, this does suggest the existence of a mechanism 

by which pathogens derived from oral infections may lead to systemic body infection.  

 

The oral mucosa is the most important barrier against physical, microbial, and chemical agents 

that cause local cell injury (Presland and Dale, 2000). The oral mucosa is also involved in the 

proinflammatory process by producing cytokines and antimicrobial peptides, either constitutively 

or following a variety of stimuli (Andrian et al., 2005, Rouabhia et al., 2005). This suggests that 

the oral mucosa plays an active role in controlling oral infections and maintaining the symbiotic 

relationship with oral microbial agents. Oral mucosal cells, namely, epithelial cells and 
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fibroblasts, interact with each other to maintain tissue integrity and function (Mahanonda et al., 

2009). Gingival fibroblasts, the predominant cell type inhabiting gingival connective tissue, take 

on a critical role in remodeling and maintaining gingival structure and extracellular matrix (van 

Beurden et al., 2005; Barrientos et al., 2008). These fibroblasts are also key contributors to tissue 

repair and wound healing through their adhesion, migration, growth, and differentiation, as well 

as their production of extracellular matrix (ECM) (van Beurden et al., 2005; Barrientos et al., 

2008). During ECM remodeling, balance is crucial between matrix metalloproteinases (MMPs) 

and tissue inhibitors of metalloproteinases (TIMPs) (Page-McCaw et al., 2007). TIMPs and 

MMPs are tightly regulated during normal wound healing, and their imbalance has been reported 

following infection (Andrian et al., 2007, Kanangat et al., 2006). 

 

To prevent infection, gingival cells (epithelial cells and fibroblasts) secrete high levels of 

proinflammatory cytokines, such as IL-1β, IL-6, and IL-8 (Mostefaoui et al., 2004, Semlali et al., 

2011). They also produce antimicrobial peptides against the infecting agents. Human gingival 

fibroblasts secrete several antimicrobial peptides, such as β-defensin-1, -2, -3, and -4 (Derradjia 

et al., 2015; Levón  et al., 2015; Noronha et al., 2014), thus contributing to the defense against 

various pathogenic microbes (Chen et al., 2013; Guo et al., 2012). Many synthetic antimicrobial 

peptides mimicking the structure and function of naturally occurring antimicrobial peptides have 

been developed as an additional therapeutic initiative, along with available antibiotics to prevent 

and eliminate human microbial infections, and the need for new antimicrobial agents is a well-

documented issue related to world health (Fernandes et al., 2006). 

 

Leung et al. reported that KKVVFKVKFK (KSL) may be a useful antimicrobial agent to inhibit 

the growth of oral bacteria associated with caries development and early plaque formation (Leung 
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et al., 2005; Na et al., 2005). Furthermore, KSL analogue KSL-W (H2N-Lys-Lys-Val-Val-Phe-

TryVal-Lys-Phe-Lys-COOH) was shown to be stable against salivary trypsin-catalyzed cleavage 

in the oral cavity, and was determined as the most promising candidate in terms of potential 

therapeutic activity and safety in the gastrointestinal tract (Na et al., 2007). To further investigate 

the usefulness of peptide KSL-W, the aim of this study was to determine the interactions between 

KSL-W and human gingival fibroblasts and the influence of this peptide on fibroblast behaviors 

when in contact with bacteria (S. mutans).  

 

Materials and methods 

Culture of Primary Human Gingival Fibroblast Cells  

Normal human gingival fibroblasts (ScienCell Research Laboratories, Carlsbad, CA, USA) were 

cultured in Dulbecco’s modified Eagle’s (DME) medium (Gibco-Thermo Fisher Scientific, 

Gaithersburg, MD, USA) supplemented with 10% fetal bovine serum (FBS) (Wisent Inc., Saint-

Jean-Baptiste, QC, Canada). The medium was changed three times a week. When the culture 

reached 90% confluence, the cells were detached from the flasks with a 0.05% trypsin (MP 

Biomedicals LLC, Santa Ana, CA, USA)–0.1% ethylenediaminetetraacetic acid (EDTA) (Merck 

KGaA, Darmstadt, Germany) solution, washed twice with phosphate-buffered saline (PBS), and 

suspended in DME-supplemented medium at a final concentration of 106 cells/mL. Cells at the 

third and fourth passages were used to perform the experiments. 

 

Antimicrobial Peptide 

Peptide KSL-W was synthesized by standard solid-phase procedures (Hong et al., 1998) with 9-

fluorenylmethoxycarbonyl (Fmoc) chemistry in an automatic peptide synthesizer (model 90, 
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Advanced ChemTech, Louisville, KY, USA). The synthetic peptides were then purified by 

reverse-phase HPLC (series 1100, Agilent Technologies, Santa Clara, CA, USA) by means of a 

Vydac C18 column. Peptide purity was confirmed by MALDI-TOF (matrix-assisted laser 

desorption/ionization-time of flight) MS (AnaSpec, Fremont, CA, USA). The final product was 

stored in lyophilized format at -20°C until use. A KSL-W solution was subsequently prepared, 

filtered (0.22 um pore size), and used for the experiments.  

 

  Bacteria and Growth Conditions 

S. mutans (ATCC 25175, Manassas, VA, USA) was used in this study. The bacteria was grown 

aerobically at 37°C in Todd-Hewitt broth (BBL Microbiology Systems, Cockeysville, MD, USA) 

supplemented with hemin (Sigma-Aldrich, St. Louis, MO, USA) (10 µg/mL) and vitamin K 

(Sigma-Aldrich) (10 µg/mL) (THB-HK). For experimental purposes, the S. mutans was cultured 

overnight, then diluted in THB-HK to obtain an optical density at 660 nm (OD660) of 

0.2 (corresponding to 1 × 108 colony-forming units (CFU)/mL). Samples (100 µL) were then 

used to infect the gingival fibroblast monolayer cultures.  

 

Effect of KSL-W on primary human gingival fibroblast adhesion 

Prior to cell seeding, five sterile glass slides (Bellco Glass Inc., Vineland, NJ, USA) (0.05 mm in 

diameter) were inserted into each well of a non-adherent 6-well plate (Sarstedt, Nümbrecht, 

Germany). Primary human gingival fibroblasts were then seeded at 2 × 105 cells/well in DME 

supplemented with 10% FBS. Immediately after seeding, various concentrations (0, 10, 50, or 

100 µg/mL) of peptide KSL-W were added to the cells. Each concentration was tested in 

duplicate. The cells were incubated at 37°C in a 5% CO2 atmosphere for 6 and 24 h and subjected 
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thereafter to Hoechst staining. The cells were then fixed with methanol (Fisher Scientific Co., 

Ottawa, ON, Canada) and glacial acetic acid (Merck KGaA) (75/25, v/v) for 3 × 15 min, and 

subsequently washed 3 times with phosphate-buffered saline (PBS). Thereafter, the cells were 

incubated with Hoechst 33342 (H42) (Riedel de Haen, Seele, Germany) (1 µg/mL) in PBS for 

15 min at room temperature in the dark. After three washes with deionized water, the samples 

were observed and photographed using an epifluorescence light microscope (Axiophot, Zeiss, 

Oberkochen, Germany). At least 10 fields from each slide were photographed and used to count 

the stained cells in each field. Results are reported as the means ± SD of four separate 

experiments. 

Effect of peptide KSL-W on primary human gingival fibroblast growth 

Primary human gingival fibroblasts were seeded into 6-well plates (104 cells/well) in DME 

medium supplemented with 10% FBS. The cells were then incubated in a 5% CO2 humid 

atmosphere at 37°C for 24 h, after which time the culture medium was refreshed and the cells 

were treated with 0, 10, 50, or 100 µg/mL of peptide KSL-W. Each concentration was tested in 

duplicate. The cells were maintained for 3 and 6 days, and the medium was changed every 48 h. 

At the end of the incubation, the cells were detached from the culture plates with 0.05% 

trypsin/0.01 EDTA solution and subsequently washed twice with culture medium, with the viable 

cell numbers assessed by Trypan blue exclusion assay (Gilbert et al., 2005). Briefly, 100 µl from 

each cell suspension were mixed with the same volume of Trypan blue (Sigma-Aldrich) solution 

(0.4%) and incubated 5 min on ice. Viable cells were determined in triplicate for each suspension 

by means of an inverted optical microscope to count the Trypan blue-free cells. Results are 

reported as the means ± SD of five different experiments. 
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Effect of KSL-W on primary human gingival fibroblast cell cycle 

Primary human gingival fibroblasts were seeded into 6-well plates at 104 cells/well and incubated 

for 48 h in a 5% CO2 humid atmosphere at 37°C, after which time the medium was refreshed, and 

the cells were treated with peptide KSL-W at concentrations of 0, 10, 50, or 100 µg/mL; two 

wells per condition. The cells were maintained in culture for 24 h, then detached from the culture 

plates as described above, washed twice with PBS, and subsequently used for cell cycle analysis. 

Briefly, the cells were suspended in RNase (Promega, Madison, WI, USA) (10 mg/mL) solution 

and incubated at 37°C for 1 h, after which time propidium iodide (PI) (Abcam Inc., Toronto, ON, 

Canada) (50 mg/mL) was added to each cell suspension prior to analysis. The percentage of cells 

in the G1, S, and G2/M phases of the cell cycle were analyzed using an Epics® Elite ESP flow 

cytometer (Beckman Coulter, Miami, FL, USA). The single cell population was gated using 

pulse width vs. pulse area to exclude clumps and doublets and the scatter plot was used to 

exclude any obvious debris. The PI was detected using an FL4 channel vs. a cell count histogram 

plot. Results are reported as the means ± SD of three different experiments. 

Cell Migration/Monolayer Wound Repair Assay 

In vitro wound repair assays were performed as previously described (Semlali et al., 2011). 

Briefly, primary human gingival fibroblasts were seeded (2 × 105/well) into 6-well plates and 

grown to confluence. A scratch wound was then created on each confluent monolayer by means 

of a 200 µL sterile pipette tip (PipetTipFinder, Lab Procurement Services, LLC, Knoxville, TN, 

USA) perpendicular to the bottom of the dish. This generated a wound approximately 0.44 to 

0.50 mm in width. The culture medium was refreshed with new medium, supplemented or not 
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peptide KSL-W at 10, 50, or 100 µg/mL, and incubated at 37°C in a CO2 humid atmosphere. At 

the end of each incubation period (0, 12, 24, and 48 h), the cells were fixed with 4% 

paraformaldehyde solution (Alfa Aesar, Ward Hill, MA, USA) for 60 min at 4°C, washed twice 

with PBS, and subjected thereafter to crystal violet staining (Sigma-Aldrich). One milliliter of 

1% w/v crystal violet solution in demineralized water was added to each well and the cultures 

were then incubated at room temperature for 15 min, after which time the non-bound dye was 

removed from the wells by thorough washing with demineralized water, followed by drying at 

37°C. Digital photographs of each wound were taken (Coolpix 950, Nikon Canada, Montréal, 

QC, Canada) at various time points following the creation of the wound. Wound closure (cell 

migration) was investigated using the NIH Image J public domain image processing program to 

measure the distance between the opposite edges of the wound as a function of time. Data 

(means ± SD, n  =  5) were collected and presented as the percentage of initial wound (distance at 

time zero) using the following formula: ((distance at initial scratch – distance after an identified 

culture period) ÷ (distance at initial scratch)) × 100%. The KSL-W-treated and untreated cell 

cultures were compared, with the difference considered significant at p < 0.05. 

 

Effect of peptide KSL-W on MMP-1, MMP-2, TIMP-1, and TIMP-2 secretion by 

primary human gingival fibroblasts 

Spent culture media were collected to determine MMP-1, MMP-2, TIMP-1 and TIMP-2 protein 

levels. These were obtained from primary human gingival fibroblasts at 2 × 105/well in 6-well 

plates treated with peptide KSL-W at 0, 10, 50, or 100 µg/mL, in duplicate, for 3 and 6 days. 

They were analyzed thereafter by sandwich enzyme-linked immunosorbent assays (ELISA, R&D 

Systems, Minneapolis, MN, USA). Briefly, the cell culture media were collected in tubes 
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containing 1 µL of a protease inhibitor cocktail (Sigma-Aldrich) for specific use with mammalian 

cell and tissue extracts. The culture media were then filtered through 0.22 µm filters and used to 

quantify MMP-1, MMP-2, TIMP-1, and TIMP-2 concentrations, according to the manufacturer’s 

instructions. The plates were read at 450 nm and analyzed by means of a Model 680 Microplate 

Reader (Bio-Rad, Hercules, CA, USA). According to the manufacturer, the minimum detectable 

concentrations were under 1 pg/mL for MMP-1, 0.7 pg/mL for MMP-2, 3.5 pg/mL for TIMP-1, 

and 3.5 pg/mL for TIMP-2. Each experiment was repeated four times and the means ± SD were 

calculated and presented. 

Effect of peptide KSL-W on primary human gingival fibroblast interaction with 

S. mutans 

To investigate the effect of peptide KSL-W on Streptococcus mutans-infected primary human 

gingival fibroblasts, cells were seeded into 6-well plates at 104 cells/well and incubated thereafter 

in a 5% CO2 humid atmosphere at 37°C for 4 days. The medium was then refreshed and treated 

with or without peptide KSL-W at 10, 50, or 100 µg/mL; two wells per condition. An S. mutans 

suspension (100 µL) at 1 × 108 CFU/mL was then immediately used to infect the gingival 

fibroblast monolayer cultures. As a negative control, fibroblast cultures without KSL-W were 

also infected with 100 µL of S. mutans suspension. As a positive control, fibroblast cultures 

infected with 100 µL of S. mutans suspension were immediately supplemented with an antibiotic 

cocktail (penicillin (30 mg/mL)/streptomycin (50 mg/mL)) (Gibco-Thermo Fisher Scientific, 

Gaithersburg, MD, USA) to prevent bacterial growth. Following infection with S. mutans, the 

cell cultures were maintained in a 5% CO2 humid atmosphere at 37°C for 6 h, after which time 

the culture medium from each condition was collected, filtered by 0.22 µm filters, and used to 
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quantify IL-8 concentrations using an ELISA kit (R&D Systems). The plates were read at 450 nm 

and analyzed by means of a Model 680 Microplate Reader (Bio-Rad). According to the 

manufacturer, the minimum detectable concentration of IL-8 was between 1.5 and 7.5 pg/mL. 

The experiment was repeated three times and the means ± SD were calculated and presented. 

Following treatment with KSL-W in the presence or absence of S. mutans, adherent cells were 

washed twice with PBS, fixed with 4% paraformaldehyde for 60 min, and stained thereafter with 

crystal violet, as described above. The stained cells were then observed under an inverted 

microscope and photographed. At least 10 fields from each slide were photographed and 

subsequently used to count the stained cells in each field. Results are reported as the means ± SD 

of four separate experiments (n = 4). 

Results 

Peptide KSL-W promoted primary human gingival fibroblast adhesion and growth 

Primary human gingival fibroblasts were treated with various concentrations of peptide KSL-W 

and analyzed to determine the effect of this antimicrobial peptide on their attachment and 

morphology. As shown in Fig. 1A, peptide KSL-W had no adverse effect on cell morphology and 

adhesion following incubation for 6 and 24 h. The cells were well distributed over the plate, 

similar to that observed with the untreated control cells. Optical microscope observations showed 

elongated fibroblasts with a dense nucleus and a small amount of cytoplasm (Fig. 1A). 

Quantitative evaluation (numbering) of the adherent cells (Fig. 1B) confirmed that peptide KSL-

W did not reduce/inhibit primary human gingival fibroblast adhesion. The numbers of adherent 

cells in the presence of peptide KSL-W were comparable to those found in the control, and even 

greater at 6 and 24 h. 
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Cell growth analyses confirm these data. As shown in Fig. 2, compared to the non-KSL-W-

stimulated primary human gingival fibroblast culture, a trend showing a slight increase of viable 

primary human gingival fibroblasts was observed at 3 days, although this was not statistically 

significant. However, at 6 days, compared to the control, the KSL-W-treated cultures recorded 

higher viable cell numbers, which was statistically significant. KSL-W was able to cause an 

increase in the number of viable primary human gingival fibroblasts at as low as 10 µg/mL. This 

increase was not only maintained but showed a trend of further increases in the presence of 50 or 

100 µg/ml of the peptide, although this increase was not statistically significant. Overall results 

demonstrate that peptide KSL-W promoted primary human gingival fibroblast adhesion and 

growth. 

Peptide KSL-W promoted human gingival fibroblast cell cycle 

The KSL-W-induced cell growth increase possibly occurred through a promotion of the cell cycle 

progression. To monitor the effect of peptide KSL-W on the cell cycle, gingival fibroblasts were 

treated with various concentrations of KSL-W for 24 or 48 h, after which time the cell 

percentages were quantified in different cell cycle phases (Fig. 3). Quantitatively, in the KSL-W-

untreated group at 24 h post-culture, approximately 70% of the cells were in the G0/G1 phase, 

while over 7% of the cells were in the S phase, and close to 14% were in the G2/M phase (Fig. 3). 

However, following exposure to KSL-W, the G0/G1 phase values significantly (p < 0.05) 

decreased, and specifically with 50 and 100 µg/mL of the peptide. In contrast, the S and G2/M 

phase values significantly (p < 0.05) increased when peptide KSL-W was introduced at 

100 µg/mL. Similar results were obtained with fibroblasts stimulated with KSL-W for 48 h 

(Fig. 3). 
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Peptide KSL-W increased MMP-1, MMP-2, TIMP-1, and TIMP-2 secretion by 

human gingival fibroblasts 

Protein analyses of the spent culture media reveal that peptide KSL-W modulated the levels of 

remodeling enzyme proteins MMP-1 and MMP-2 secreted by the gingival fibroblasts (Fig. 4). 

The effects were observed after 3 and 6 days of peptide treatment, compared to untreated 

cultures. At 3 days post-KSL-W treatment, significant (p < 0.05) increases in MMP-1 levels were 

observed with 50 and 100 ug/mL of the peptide, compared to the untreated cells. Similar 

observations were made for the 6-day fibroblast culture in the presence of 50 and 100 ug/mL of 

KSL-W. The levels of secreted MMP-1 were greater at 6 days than at 3 days, regardless of the 

test conditions (control or KSL-W-treated cultures). Comparable data were obtained by MMP-2. 

Fig. 4 shows significantly higher (p <0.05) MMP-2 protein levels with 50 and 100 ug/mL of 

peptide KSL-W, at both 3 and 6 days post-stimulation. 

Because peptide KSL-W increased MMP-1 and MMP-2 secretion, we also investigated TIMP-1 

and TIMP2, as they are involved in regulating MMP activities. Fig. 5 shows that peptide KSL-W 

increased TIMP-1 secretion by the primary gingival fibroblasts. This increase was statistically 

significant (p < 0.05) in the presence of both 50 and 100 ug/ml of KSL-W and at both 3 and 6 

days of stimulation with the peptide. A comparable increasing trend was observed for TIMP-2 

(Fig. 5). Indeed, at 3 days, a significant increase in TIMP-2 secretion was observed in the 

presence of 50 and 100 µg/mL of peptide KSL-W, and at 6 days, TIMP-2 secretion showed an 

increased trend at all three concentrations of KSL-W tested. Overall data thus confirm the 

upregulation of MMP-1 and MMP-2 by peptide KSL-W. The increase of these proteolytic 

enzymes was paralleled with an increase of protease inhibitors (TIMP-1 and TIMP-2). 
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Peptide KSL-W promoted cell migration and wound closure 

Because peptide KSL-W was found to promote fibroblast adhesion and growth, we investigated 

its ability to promote fibroblast migration. This was determined by a scratch wound closure 

experiment. Wounds were created in gingival fibroblast monolayers and cell migration from the 

edge of the scratch toward the center (wound closure) was recorded at different times post-

wounding. The fibroblasts treated with peptide KSL-W actively migrated from both edges and 

closed the entire wound at 48 h (Fig. 6). This healing rate was much more rapid than that of the 

untreated cells which showed 25 to 30% of the wound to be unhealed at 48 h (Fig. 6). Further 

quantitative analysis revealed that compared to the untreated controls, a significant (p < 0.05) 

reduction of wound distance at 12 and 24 h was observed for the cells treated with 50 and 

100 µg/ml of peptide KSL-W (Fig. 6). It appears that the higher the peptide concentration, the 

greater the migration rate.  

Peptide KSL-W prevented the adverse effect of S. mutans on fibroblast growth and 

IL-8 secretion  

Following seeding, 4-day-old fibroblast cultures were infected with S. mutans in the presence or 

absence of peptide KSL-W. Fig. 7A shows that in the absence of the peptide, a low cell 

distribution was observed throughout the culture surface. The addition of peptide KSL-W at 50 

and 100 µg/mL reduced the adverse effect caused by S. mutans, resulting in maintaining a higher 

number of adherent cells on the culture plate. To quantitatively confirm this observation, cell 

lysis was performed following crystal violet staining and measurement of its absorbance. As 

shown in Fig. 7B, the KSL-W-supplemented fibroblast culture showed an absorbance level 

comparable to that obtained by the non-infected culture or the antibiotic-supplemented S. mutans-
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infected fibroblast culture, suggesting that peptide KSL-W played a preventive role against 

S. mutans infection. 

To support this observation, IL-8 secretion was also measured. Fig. 8 shows that the non-

stimulated, non-infected fibroblasts secreted a basal level of IL-8 (approximately 700 pg/mL). 

Following infection with S. mutans, the level of IL-8 increased to 1000 pg/mL. The killing of 

S. mutans by the antibiotics led to a decrease in IL-8 secretion, compared to that recorded by the 

infected cultures. Interestingly, the addition of 50 and 100 µg/mL of peptide KSL-W resulted in 

reduced levels of IL-8 secretion, ranging from over 900 pg/mL with 50 µg/ml of KSL-W to less 

than 750 pg/mL with 100 µg/mL of the peptide. Overall data show that peptide KSL-W 

decreased the adverse effect of S. mutans on gingival fibroblast growth and reduced the 

inflammatory response against the bacteria by decreasing IL-8 secretion. 

Discussion 

Various antimicrobial peptides have been shown to display in vitro activity against a wide range 

of bacterial pathogens and are thus being proposed as additional alternatives to develop novel 

antibacterial disease-control strategies (Martin et al., 2015; Yu et al., 2016). Among available 

antimicrobial peptides, peptide KSL-W demonstrated improved stability in simulated oral 

conditions with broad spectrum antimicrobial activity (Na et al., 2005). Furthermore, combined 

with sub-inhibitory concentrations of benzalkonium chloride, a known cationic surface-active 

agent (Baker et al., 1978), peptide KSL-W was shown to significantly reduce oral biofilm growth 

in vitro (Bernegossi et al., 2015). 
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In addition to the inherent ability of antimicrobial peptide to kill bacteria, some of these peptides, 

such as LL37, have demonstrated wound healing properties (Grönberg et al., 2014). We therefore 

sought to study the effect of peptide KSL-W on primary human gingival fibroblasts when used 

orally to control oral biofilm growth. Our results indicate that this antimicrobial peptide was 

indeed non-toxic. Indeed, even at a high concentration (100 µg/mL), peptide KSL-W did not 

reduce cell adhesion or growth. We also found that peptide KSL-W, similar to other antimirobial 

peptides, could be beneficial to human cells. We previously demonstrated that nisin Z, an 

antimicrobial peptide produced by Lactococcus lactis subsp., significantly reduced fibroblast 

growth and differentiation (Akerey et al., 2009), demonstrating the capacity of nisin Z to promote 

cell growth under infected conditions. Similar beneficial effects of peptide KSL-W were 

observed with Hacat cells and human dermal fibroblasts (Kosikowska et al., 2015). Furthermore, 

ocellatin peptides extracted from frog Leptodactylus pustulatus skin showed microbial growth 

control with no adverse effect on human erythrocytes and a murine fibroblast cell line (Marani et 

al., 2015). 

 

In our study, the effect of peptide KSL-W on fibroblast growth appears to have occurred through 

its influence on the cell cycle, as the KSL-W-treated cell cultures recorded a greater number of 

cells at the S and G2/M phases. These data provide insight on certain factors contributing to the 

increased fibroblast growth observed on the KSL-W-treated gingival fibroblasts. This effect is 

comparable to the naturally occurring peptide catestatin secreted by human keratinocytes. Hoq et 

al. (2011) showed that in addition to inhibiting the growth of pathogens, catestatin peptides 

promoted keratinocyte proliferation (Hoq et al., 2011). Because fibroblasts adhered and 

proliferated in the presence of KSL-W, this may have increased their physiological activity by 
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stimulating MMP secretion and that of their inhibitors (TIMPs). Indeed, our results reveal 

increased levels of MMP-1, MMP-2, TIMP-1, and TIMP-2 secretion by gingival fibroblasts 

when they were exposed to peptide KSL-W. 

 

Similar to what was reported with β-defensin-3 (Nishimura et al., 2004), the increased secretion 

of MMP-1 and MMP-2 by the KSL-W-stimulated fibroblasts may suggest a role of peptide KSL-

W in mediating part of the tissue remodeling processes. Alternatively, changes in MMPs could be 

considered as an inflammatory response by the fibroblasts to the presence of peptide KSL-W, as 

previously demonstrated (Nishimura et al., 2004) with other antimicrobial peptides, such as 

human β-defensin-3 which was shown to cause an increase in prostaglandin-(PGE)2 and MMP-1 

secretion levels by human gingival fibroblasts. Similar observations were reported with α-

defensin-1, which caused increased levels of mRNA expression of IL-6, IL-8, MMP-1, and 

MMP-3 by fibroblast-like synoviocytes (Ahn et al., 2013). In our study, when gingival 

fibroblasts were exposed to peptide KSL-W, the increased MMP secretion was paralleled by 

TMIP-1 and TIMP-2 secretion. This is the first study to report an increase in TIMP1 and TIMP-2 

secretion by KSL-W-stimulated fibroblasts. Overall, peptide KSL-W treatment stimulated 

fibroblast growth and increased MMP and TIMP secretion, which suggests that this peptide may 

play a role in cell migration and wound healing. 

 

To test this hypothesis, KSL-W-stimulated gingival fibroblasts were subjected to an in vitro 

wound scratch assay which showed that peptide KSL-W at 50 and 100 µg/ml promoted fibroblast 

migration and wound closure. These findings are in agreement with those of earlier studies 

showing that human β-defensin-2 increased keratinocyte cytokine production and migration 
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(Niyonsaba et al., 2007). Human β-defensin-3 was also shown to be highly expressed by 

keratinocytes at wound sites to promote cell migration and proliferation (Niyonsaba et al., 2007; 

Sørensen  et al., 2005; Niyonsaba et al., 2005) and to significantly accelerate wound closure 

when topically applied in a porcine model of infected skin wounds (Hirsch et al., 2009). Overall 

data demonstrate that synthetic peptide KSL-W not only exhibited wound healing properties but 

played an active role in promoting wound healing, which supports previously reported results 

with naturally occurring β-defensin peptides. However, the wound healing activity demonstrated 

by peptide KSL-W will require further investigation using clinically relevant animal wound 

healing models.  

 

Our results show that peptide KSL-W, similar to the test antibiotic, was able to mitigate the 

adverse effect of S. mutans on cell density in gingival fibroblasts. These findings confirm 

previous results showing peptide KSL-W to display both bactericidal (Dixon et al., 2008) and 

anti-fungal (Theberge et al., 2013) properties. Furthermore, peptide KSL-W controlled the 

inflammatory response following S. mutans infection. The effect of peptide KSL-W on 

controlling IL-8 secretion following bacterial infection was comparable to that observed with the 

antibiotic. These results suggest that peptide KSL-W may indirectly help fibroblasts to sense 

bacterial presence, thus secreting IL-8 when needed. Further studies will shed light on the 

signaling pathways involved in such controls. Our overall findings thus confirm that 

antimicrobial peptide KSL-W is non-toxic, has the ability to control infection, and may possess 

wound healing properties.  
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Figure Legends 

Fig. 1. Peptide KSL-W enhanced the early adhesion of gingival fibroblasts. Cells were cultured 

with or without peptide KSL-W for 6 or 24 h and then stained with Hoechst. (A) Representative 

photos of adherent cells (bar 30 µm). (B) Count of adherent fibroblasts under the different 

conditions. Results are means + SD (n = 4).  

 

Fig. 2. Peptide KSL-W increased gingival fibroblast growth. Fibroblasts were treated with or 

without various concentrations of peptide KSL-W for 3 and 6 days. Viable cells were analyzed 

by Trypan blue exclusion assay. Numbers of live cells were plotted as mean + SD (n = 5). 

P values were obtained by comparing the KSL-W-treated and untreated values.  

 

Fig. 3. Peptide KSL-W promoted cell division. Following stimulation for 24 or 48 h, the cells 

were detached and used for cell cycle testing by PI staining. Quantitation of cell percentages at 

the different phases was determined by FAC analyses. P < 0.05 was obtained by comparing the 

KSL-W-treated and untreated cells (n = 3).  

 

Fig. 4. Peptide KSL-W increased metalloproteinase (MMP-1 and MMP-2) secretion. Fibroblasts 

were stimulated for 3 and 6 days with different concentrations of peptide KSL-W. The cell 

supernatants were used to measure the MMPs using specific ELISA kits. Note the increased 

MMP levels with the high doses of peptide KSL-W at 3 and 6 days. P < 0.05 was obtained by 

comparing the KSL-W-treated and untreated cells and the levels at 3 and 6 days (n = 4). 

 

Fig. 5. Peptide KSL-W enhanced metalloproteinase inhibitor (TIMP-1 and TIMP-2) secretion. 

Note the increased levels of TIMPs with the high doses of peptide KSL-W at 3 and 6 days. 
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P < 0.05 was obtained by comparing the KSL-W-treated and untreated cells and the levels at 

3 and 6 days (n = 4). 

 

Fig. 6. Peptide KSL-W increased gingival fibroblast migration/repair. Cells were cultured up to 

100% confluence. Scratches were then made on each monolayer and the medium was refreshed 

and immediately treated with or without peptide KSL-W at different concentrations. The cultures 

were maintained for various time periods prior to observation and determination of the wound 

recovery. (A) Representative photos at 12 and 48 h post-wound (bar 50 µm). (B) Values are 

means ± SD (n =  5). The KSL-W-treated and untreated cultures were compared, with the 

difference considered significant at (*) p < 0.05.  

 

Fig. 7. Peptide KSL-W reduced the adverse effect of S. mutans on gingival fibroblast 

adhesion/density. At confluence, fibroblasts were pulsed with S. mutans in the presence or not of 

peptide KSL-W. (A) Representative photos of adherent cells after 6 h of contact with S. mutans 

in the presence or not of peptide KSL-W. (B) Density of live adherent cells assessed by crystal 

violet staining were plotted as mean + SD (n = 4). P values were obtained by comparing the 

S. mutans-infected, KSL-W-treated, and untreated cultures.  

 

Fig. 8. Peptide KSL-W reduced the adverse effect of S. mutans on gingival fibroblast IL-8 

secretion. IL-8 levels were obtained by ELISA measurement and were plotted as mean + SD 

(n = 4). P values were obtained by comparing the S. mutans-infected, KSL-W-treated, and 

untreated cultures. 
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Le décapeptide KSL-W réduit la croissance de Candida albicans et dégrade les biofilms en 
diminuant l’expression de plusieurs gènes de virulence. 

Theberge Simon1, Semlali Abdelhabib1,2, Alamri Abdullah1, Leung P. Kai3, and  Rouabhia Mahmoud1 

 
1Oral Ecology Research Group, Faculty of Dentistry, Laval University, Quebec, QC, Canada, 
2Genome Research Chair, Department of Biochemistry, College of Science King Saud University, 

Riyadh, Kingdom of Saudi Arabia 
3Dental and Trauma Research Detachment, US Army Institute of Surgical Research, Fort Sam Houston, 

TX, United States 
 
Introduction : Candida albicans est le plus fréquent pathogène fongique impliqué dans les infections 
nosocomiales en Amérique du Nord1. Suivant l’utilisation courante d’antifongiques, C. albicans peut 
développer des résistances aux traitements conventionnels. Afin de pallier cet obstacle, le décapeptide 
KSL-W a été développé et présente un large spectre antimicrobien pouvant affecter C. albicans2,3. 
L’objectif de cette étude est d’évaluer l’effet du KSL-W sur la croissance, la transformation de C. 
albicans, ainsi que sur l’expression des gènes impliqués dans la virulence de C. albicans. 
Matériels et Méthodes : L’effet du KSL-W a été étudié en analysant la transformation de C. albicans-
SC5314 en présence et en absence de KSL-W à l’aide de suivis microscopiques. Des analyses 
spécifiques au MTT et au XTT ont été réalisées afin de déterminer l’effet du KSL-W sur la 
prolifération ainsi que sur la formation et la dégradation de biofilm. Ces travaux ont été soutenus par 
l’analyse de l’expression des gènes Sap2, Sap4, Sap5, Sap6, HWP1, EAP1, EFG1 et NRG1 par la 
technique RT-qPCR. Tous les effets ont été comparés à l’amphotéricine B, un antifongique utilisé en 
clinique. 
Résultats et conclusions : La transformation levure-hyphe est inhibée à partir de concentrations de 
5µg/ml. La prolifération est diminuée suivant une exposition de 5h à des concentrations de 10µg/ml et 
persiste jusqu’à 10h avec des concentrations ≥50µg/ml. La formation de biofilm est inhibée par des 
concentrations de ≥25µg/ml. Les biofilms sont dégradés à partir de concentrations de 75µg/ml. Le 
KSL-W réprime l’expression des gènes de virulence Sap2, Sap4, Sap5, Sap6, HWP1, EAP1. Les gènes 
EFG1 et NRG1 ont été régulés à la hausse par le KSL-W. Les effets sont comparables à 
l’amphotéricine B. Par ses effets sur les facteurs de virulence et par son effet sur les gènes de virulence, 
le KSL-W présente une alternative de traitement intéressante dans le contrôle des infections fongique à 
C. albicans (This study was supported financially by the United States Army Medical Research and 
Materiel Command (Award number ERMS No. 12304006) and by a grant from the Fonds Émile-
Beaulieu, a Université Laval foundation). 
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Un nouveau peptide antimicrobien contrôle la virulence de Candida en réduisant 
sa viabilité via un processus d’apoptose et de nécrose. 

THEBERGE SIMON1, Jacques Éric1 and Leung Kai P2 and Rouabhia Mahmoud1 

1 Groupe de recherche en écologie buccale, Université Laval 
2 Microbiology Branch, US Army Dental and Trauma Research Detachment, Institute of 
Surgical Research, Fort Sam Houston, TX, USA 

OBJECTIF : Le décapeptide KSL-W présente un large spectre antimicrobien affectant 
plusieurs pathogènes dont S. mutans et C albicans. Ce peptide semble réduire la 
croissance de C. albicans ainsi que la formation de biofilm en agissant sur certains 
gènes spécifiques. Cependant les mécanismes d’action du KSL-W ne sont pas encore 
élucidés. Dans cette étude, nous avons évalué la cinétique et l’atteinte de l’intégrité 
morphologique ainsi que le type de mort cellulaire (apoptotique/nécrotique) induites par 
le KSL-W sur C. albicans en comparaison à une autre souche soit : C. parapsilosis. 
MÉTHODES : Les souches de Candida ont été mises en culture en présence et en 
absence de KSL-W. l’effet de KSL-W sur la viabilité cellulaire a été déterminé à l’aide du 
test d’exclusion du bleu trypan. Ces travaux ont été confirmés par des analyses de 
l’activité apoptotique ou nécrotique du KSL-W par cytométrie en flux à l’aide d’un 
marquage à l’annexin V-FITC/PI. Des analyses par microscopie électronique à 
transmission ont été effectuées afin de visualiser l’effet sur la paroi cellulaire et les 
autres composantes intracellulaires. Les effets du KSL-W ont tous été comparés à ceux 
de l’amphotéricine B. 
RÉSULTATS : L’effet antifongique du KSL-W s’amorce dès les premières 30 minutes 
d’exposition de C. albicans et C. parapsilosis au KSL-W à des doses de 10 μg/ml. Le 
KSL-W induit également la nécrose de C. albicans à partir de concentrations de 1μg ml-
1 (49,0%) et 25μg/ml (97,7%). L’activité du KSL-W sur C parapsilosis est principalement 
apoptotique (42,2%) après 3 heures d’exposition à 25μg/ml de KSL-W. Les analyses en 
microscopie à transmission montrent une atteinte de la membrane de C. albicans et de 
C. parapsilosis suivant des traitements de KSL-W à 25μg/ml. 
CONCLUSIONS : Nos travaux démontrent une activité antifongique de KSL-W. Cette 
activité est parfois comparable, parfois non comparable à celle de l’amphotéricine B, 
(suggérant un mécanisme d’action différent de celui de l’amphotéricine B). Ces travaux 
suggèrent l’utilisation du KSL-W comme molécule de choix pour le contrôle des 
infections fongiques à Candida. 
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Titre : Le KSL-W réduite la croissance Candida albicans et la formation de biofilm en diminuant 
l’expression de plusieurs gène de virulence. 

Auteurs : Simon Théberge, Abdelhabib Semlali, Kai P Lung, Abdullah Alamri and Mahmoud Rouabhia 

Présentation : Poster 

 

Objectifs : Le décapeptide α-hélicoïdal synthétique, le KSL-W (KKVVFWVKFK) possède un large spectre 
affectant plusieurs souches de pathogènes bactériens oraux. Cependant effet de ce peptide sur des souches 
fongiques dont Candida albicans reste à démontrer. Le but est d’étudier de l’effet du KSL-W sur les 
différents facteurs de virulence du C. albicans. Méthodologie : L’effet de KSL-W a été étudié en analysant 
la transformation, la  prolifération en utilisant la microscopie et le MTT. Ces travaux ont été supportés par 
des analyses spécifiques à la formation de biofilm (XTT) et à l’activation de certains gènes à l’aide de la 
technique qRT-PCR. Une analyse de l’activité apoptotique/anti-apoptotique du KSL-W a été réalisée à l’aide 
d’Annexin V-FITC/IP. Tous les effets étudiés du KSL-W ont été comparés à l’amphotéricine B. Résultats : 
Le KSL-W inhibe la transformation à partir de concentrations de 5µg ml-1. Il s’est montré efficace à inhiber 
la formation de biofilms à des concentrations de 50µg ml-1 et à réduire la viabilité à l’intérieur d’un biofilm 
mature à des concentrations de 50µg ml-1 et est d’efficacité comparable à l’amphotéricine B dans les deux 
cas. Les analyses ultrastucturales confirment l’efficacité du KSL-W à réduire et à dégrader le biofilm.. 
L’efficacité du KSL-W passe aussi par la réduction de l’expression de plusieurs gènes dont SAP2, 4, 5, 6, 
EFG1 et HWP1 impliqués dans la pathogénèse de C. albicans. . Conclusion :  Par ses effets importants sur 
C. albicans,  le KSL-W pourrait être considéré dans le contrôle de Candida albicans ((This study was 
supported financially by the United States Army Medical Research and Materiel Command (Award number 
ERMS No. 12304006) and by a grant from the Fonds Émile-Beaulieu, a Université Laval foundation). 

 
 



Investigating the effect of an antimicrobial peptide (KSL-W) on gingival fibroblast growth, 
migration, and defense against microbial infection 

Hyun-Jin Park1, Mabrouka Salem1, Kai P Leung2, Mahmoud Rouabhia1

1Groupe de Recherche en Écologie Buccale, Faculté de Médecine Dentaire, Université Laval, 
Québec, QC, Canada. 2Dental and Craniofacial Trauma Research and Tissue Regeneration 
Directorate, US Army Institute of Surgical Research, Joint Base Fort Sam Houston, TX 78234-
6315 

ABSTRACT 
Aim: The aim of this study was to investigate the interaction between primary human gingival 
fibroblasts and KSL-W, an antimicrobial peptide, and the effect of this peptide on gingival 
fibroblast defense in vitro against Streptococcus mutans.  

Material and Methods: Primary human gingival fibroblasts were used to study the effect of 
KSL-W peptide on cell adhesion, growth and the secretion of metalloproteinase (MMP). We also 
investigated the effect of KSL-W on fibroblast migration by mean of scratch assay. Finally we 
analyzed the effect of antimicrobial activity of KSL-W on S. mutans infected fibroblast cultures  

Results:  The peptide KSL-W promoted fibroblast growth by increasing the S and G2/M cell 
cycle phases. Peptide KSL-W also regulated the secretion of metalloproteinase (MMP)-1 and -2, 
through MMP inhibitors such as tissue inhibitors of metalloproteinase (TIMP)-1 and TIMP-2. 
Using an in vitro wound healing assay, we demonstrated that peptide KSL-W promoted fibroblast 
migration as compared to non-treated cultures. The addition of KSL-W peptide to S. mutans 
infected fibroblast culture prevents adverse effect of the bacteria through fibroblast growth and 
IL-8 secretion.   

Conclusion: These findings therefore show that peptide KSL-W was safe to use with human 
cells, as it promoted their growth and migration and attenuated S. mutans virulence by decreasing 
its effect on cell viability and IL-8 secretion.  

Significance and Impact: This study points to the possibility of using KSL-W as antimicrobial 
peptide, and as a peptide accelerating the wound healing process.  

Acknowledgments: 
This study was supported financially by the United States Army Medical Research and Materiel 
Command (Award number ERMS No. 12304006) and by a grant from the Fonds Émile-Beaulieu. 
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